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PROBLEMS IN THE DYNAMICS OF BLOOD FLOW 


I. CONDITIONS CONTROLLING COLLATERAL CIRCULATION IN THE PRESENCE OF AN 
ARTERIOVENOUS FistuLA, FOLLOWING THE LIGATION OF AN ARTERY 


Emite Houtman, M.D., San FRANCISCO, CALIF. 


(From the Laboratory for Surgical Research, Stanford University Medical School) 


ONTRIBUTIONS to medical literature may be the product of philosophic 

speculation, or they may follow observations in the experimental laboratory 
from which logical and orderly deductions may be made. The first method has 
frequently resulted in conclusions wholly unsupported by reality, as for example 
the curious conceptions emanating from Galen’s fertile imagination concerning 
the circulation of blood. Despite their illogical assumptions, and their complete 
contravention of easily observed facts, these phantasies of Galen were univer- 
sally accepted for an unforgivable period. 

Even today, however, the circulation of blood both in health and in disease 
presents many diverse problems awaiting proper solution. In the 1936 edition 
of Starling’s Principles of Human Physiology, a standard textbook by a great 
English physiologist, appeared this statement: ‘‘The physical principles involved 
in the hydrodynamies of the circulation are of great complexity, and are for the 
most part as yet unsolved.”’ 

A particularly puzzling problem has been that of collateral circulation. In 
1940 the late Sir Thomas Lewis! reviewed the subject and presented some pro- 
voeative suggestions. With reference to the compensatory growth of collateral 
vessels around an arterial block and the growth of vessels distal to a simple 


arteriovenous fistula, he wrote: 


It seems clear that, although the establishment of an arteriovenous fistula, 
acting as a short circuit, at first decreases the blood supply to the distal parts 
of the limb, this state is not maintained. With passage of time the blood flow 
to the distal parts tends to become restored. The recovery may in fact proceed 
to the point where there is actually greater flow than to the normal limb. ... In 


Presented in part as the Edward D. Churchill lecture before the Excelsior Surgical Club, 
October 15, 1948, and as the presidential address at the third annual meeting of the Society 
for Vascular Surgery, Atlantic City, N. J., June 5, 1949. 
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emphasizing the powerful stimulus which the fistula provides for the develop- 
ment of the collateral channels, Reid? says that when we consider that the parts 
peripheral to a fistula are deprived of their allotted blood supply by reason of 
the shunt, there is little wonder that nature makes a prodigious effort to compen- 







sate by collateral channels... . 

When a main artery to a limb becomes blocked, certain factors come into 
play, at once or after very short delay, and tend to restore the circulation to the 
distal tissue. As Recklinghausen’ pointed out there is, as the result of the ob- 
struction, a little rise of pressure proximal to it, while there is a decided fall of 
These immediate changes in 








pressure in the artery and its branches distal to it. 
pressure increase the flow in branches issuing from the main artery proximal to 
the obstruction and supplying the territory in which the pressure is lowered. 
Moreover, as Bier* concluded, the vessels of the deprived territory will enter a 
state of reactive hyperemia, owing as we should now say, to the accumulation of 







vasocilator substance in the corresponding tissues. .. . 

Thome.’s5 theory that the growth or shrinkage of arteries is controlled by the 
amount of blood flowing through them might be held adequately to explain the de- 
velopment of collateral channels when the main artery of a limb is obstructed. It 
might be held to explain the well recognized increase in size of the main artery 
But it will not explain what is here 








leading to an arteriovenous anastomosis. 
reported, namely, an increase in the size of arterial channels very distal to a simple 
fistula; for the fall in arterial and rise in venous pressure, which are the necessary 
consequences of the original lesicn, must tend primarily to retard rather than to 








increase blood flow in these channels. 
It is clear that hydrostatic factors provide no common basis to explain the 







compensatory growth of collateral vessels around an arterial block and the 
Searching for a com- 






growth of vessels distal to a simple arteriovenous fistula. 
mon factor we find ourselves returning to Reid’s generalization that the arterial 
channels develop to meet the needs of tissue deprived in part of blood supply. 
adjustment 








Chief interest lies in enquiring how this can come about. Neither 






of nervous control, nor a direct response of the affected vessels to increased pres- 
we are 






sure or nutrition can be regarded as a satisfactory explanation; and 
brought to ask if arterial growth is not directly controlled by a stimulant, a chemi- 
cal stimulant arising locally as a product of the tissue need and acting locally. 
The growth of collateral channels is so locally adjusted and occurs under such dif- 








ferent circumstances of pressure and flow, that it now seems quite necessary to 






formulate an intimate and special mechanism to explain this permanent increase 





in size. 
The essence of the matter seems to be that there is a local call by tissues 


in need and that to this call there is a local and adequate response. 






Lewis’ views are a direct challenge to the purely mechanistie theory which 
had been presented to explain the various phenomena surrounding an arterio- 
venous fistula.“ * This theory suggested that a fistula introduces into the cireu- 
latory system a site of lessened resistance and that flowing blood like flowing 
water will be attracted to such an area of diminished resistance, that is, if blood 
in the aorta were given the opportunity of flowing either to a limb with normal 
arteriolar and capillary resistance, or to a limb in which a femoral fistula has 
been established, it would naturally tend to follow the line of least resistance 
and be directed into the side in which the fistula lies, with resulting dilatation of 
the artery leading to the fistula. 

Evidence supporting this view has been presented in previous publications. 
Experiments were recorded which demonstrated that in the presence of a long- 
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standing fistula the heart and the entire fistulous circuit, including the fistula 
and the artery and vein between the fistula and the heart, became insidiously and 
progressively dilated.’ Concomitant with this dilatation there occurred a grad- 
ual increase in total blood volume. When conditions at the fistula were altered, 
as by ligating the artery just proximal to the fistula, the artery distal to the 
fistula became dilated.* This was demonstrated to be due to the inereased 
volume of blood directed into it through a large collateral bed around and distal 
to the fistula (Fig. 1). This truly remarkable opening up of large collateral 
vessels was interpreted as a direct response to the lowered peripheral resistance 
at the site of the fistula. Additional evidence is now available which supports 
this view and which proves again the vulnerable character of armehair philo- 
sophizing when unsupported by experimental verification. 

Studies were first directed toward determining what happens to the arteries 
proximal and distal to a fistula immediately after its introduction into the 
arterial tree. 


A 12.5 kilogram dog was anesthetized with pentothal, the abdominal aorta was ex- 
posed, and 24 ¢.c. of Thorotrast injected rapidly through a No. 18 needle. During the 
injection of the last few cubic centimeters, roentgenograms of the pelvie and lower extremi- 
ties were taken in rapid succession (Fig. 2, a). A left femoral fistula 2 em. long was then 
established between the femoral artery and vein. Immediate Thorotrast and subsequent 
bismuth oxychloride injections both revealed a definite reduction in the caliber of the 
arteries proximal and distal to the fistula (Fig. 2, b). 


This narrowing of the arteries is comparable with the reduction in the 
size of the heart which followed the opening of these newly formed fistulas 
and which is attributed to the deflection through the fistulas of a considerable 
volume of blood from the arterial into the capacious venous system. The im- 
mediate intravenous infusion of 500 ¢.c. of salt solution restored the hearts to 
their normal size (Figs. 3 and 4). 

Having demonstrated that the first effect of opening an arteriovenous 
fistula is a contraction or narrowing of the artery proximal and distal to a 
fistula, the Lewis theory that subsequent arterial dilatation is due to a chemi- 
eal stimulant from ischemic tissues was subjected to the following experi- 
mental studies : 


Animal Amp. 3 (18 kilograms). On March 28, 1947, a high left thigh amputation 
On April 11, 1947, a 2 em. sized left femoral fistula was established. On 


was performed. 
Jan. 26, 1948, nine months later, the animal was killed and the aorta was injected with 


17 per cent bismuth oxychloride suspension in 10 per cent gum acacia, Before injection 
the fistula was isolated by ligation of the artery and vein proximal and distal to the 
fistula, thus insuring that the injection mass would enter only the arterial bed and not 
the venous bed. Marked dilatation of the femoral artery proximal to the fistula was dis- 
closed with a definite though small increase in the collateral arterial bed (Fig. 5). 


Animal Amp. 5 (19 kilograms). On Nov. 11, 1947, a left thigh amputation was per- 
formed. On Dee. 4, 1947, a 2 em. sized fistula was established between the left femoral 
artery and vein. On June 21, 1948, roentgenograms revealed a moderate enlargement of 
the heart, and it was noted that when the fistula was closed by digital pressure the pulse 
dropped from 96 to 72, definite evidence of an increase in total blood volume.11. On June 
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Fig. 1.—Great development of collateral vessels around and distal to an experimental 
iliac arteriovenous fistula at F to which blood had access only through the artery distal to the 
fistula, the proximal artery having been ligated. Note dilatation of vessels both proximal and 
distal to fistula. 


Fig. 2.—a, Normal arterial bed beyond the aorta as revealed by Thorotrast injection. 

b, The same arterial bed immediately after cpening a femoral arteriovenous fistula at F 
resulting in a marked narrowing of the artery both proximal and distal to the fistula. Segment 
P should be compared with segment P’, and segment D with D’. 
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30, 1948, the animal was killed, and the thoracic aorta was injected with bismuth oxy- 
chloride. Roentgenograms showed a dilatation of the artery proximal to the fistula but 
surprisingly little, if any, dilatation of the collateral bed in the vicinity of the fistula 
(Fig. 6). 

Animal Amp. 6 (29 kilograms). On Dee. 12, 1947, a high left thigh amputation was 
performed. On Jan. 12, 1948, an arteriovenous fistula 2 em. long was established between 
the left femoral artery and vein just below Poupart’s ligament. A loud murmur was heard 


Fig. 4 (HBs).—The first effect of opening bilateral fistulas was to decrease the size of the 
heart (B), which was promptly restored to normal (C) by infusion of salt solution, followed by 
gradual dilatation, as shown in roentgenogram (D) taken nine months later. 


and an intense thrill was felt over the fistula during the first few weeks, which then grad- 
ually subsided until it disappeared completely, presumably due to closure of the fistula. 
Accordingly on May 13, 1948, a second fistula 1.5 em. long was established between the left 
iliae vessels. The disappearance of the thrill and bruit incident to the femoral fistula was 
found to have been due to thrombosis of the vein at the site of the fistula, though the 








Volume 26 DYNAMICS OF BLOOD FLOW 
Number 6 


Fig. 5. Fis. ‘6. 


Fig. 5 (Amp. 3).—The production of a femoral arteriovenous fistula on the side of a 
previously performed thigh amputation resulted in marked dilatation of the artery proximal to 
the fistula and in a moderately developed collateral bed. Note that in the smail remnant of 
artery distal to the fistula there was at least one moderately sized branch. 

Fig. 6 (Amp. 5).—The production of an arteriovenous fistula in this animal failed to evoke 
the development of any large collateral vessels. Note the absence of any branches in the small 
remnant (Rf) of artery beyond the fistula. There is siight dilatation of proximal artery 





IMP. 6 8 ;  B10-49 


a. b. 


Fig. 7, a and b (Amp. 6).—The production of a femoral fistula in an_animal previously subjected 
to a thigh amputation was followed by the usual cardiac dilatation. 
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artery itself was patent. Again a loud continuous murmur was heard over the left inguinal 
area which persisted until the animal was killed one year later on May 9, 1949. Before 
death, roentgenograms of the heart showed a considerable increase in its size (Fig. 7). 
The femoral and iliac vessels were isolated. It was easily demonstrated that the terminal 
femoral artery beyond the fistula with a diameter of 3 mm. was pulsating vigorously and 
that the flow in it was directed cephalad, carrying blood into the fistula from below. Man- 
ometric readings in the artery distal to the fistula revealed a pressure of 42 mm. Hg when the 


To manometer 


‘ 


Fig. S (Amp. 6).—Closure of an iliac fistula established on the side of a previous thigh 
amputation produced a marked elevation in blood pressure in the artery distal to the fistula 
indicating that the blood flow from a very extensive collateral bed (see Fig. 9) was directed 
cephalad through this artery into the fistula. 


fistula proximal to it was open, but rose precipitately to 108 mm. Hg when the fistula or 
femoral artery proximal to it was closed (Fig. 8), demonstrating conclusively that a consid- 
erable volume of blood was flowing into the fistula from below through this distal artery. 
Obviously, if the flow were caudad in this artery closure of the artery or fistula proximal to 
it would greatly reduce pressure in the distal artery. Pressure in the artery proximal to the 
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fistula was 110 mm, Hg with the fistula open and rose to 132 mm. Hg on closing the fistula 
distal to it. Following these studies the animal was killed, the thoracic aorta was cannulated, 
and bismuth oxychloride was injected for the radiographic visualization of the arterial tree 
below the trifurcation of the aorta (Fig. 9). 

The extraordinary collateral bed in Animal Amp. 6 which poured blood 
into the fistula by reversed or cephalad flow of blood through the artery distal 
to the fistula, and which developed despite amputation of the leg beyond the 
fistula, gave positive proof that ischemic tissues are unnecessary for the develop- 
ment of abundant collateral vessels. 


a. b. 


_. Fig. 9, a and b.—The production of an iliac fistula on the side of a previously performed 
thigh amputation resulted in a very remarkable development of collateral vessels, senaing blood 


to the fistula by retrograde flow through the artery distal to the fistula. Note dilatation of the 
artery P proximal to the fistula and marked dilatation of the branches of the aorta on the side 
od 


of the fistula. (Compare arteries B and B 

The difference in degree of collateral circulation manifested in Animals 
Amp. 3 and Amp. 6 provided evidence also that the extent of collateral develop- 
ment is dependent in part upon the duration of the fistula. If the Lewis theory 
were correct that a chemical substance produced in ischemic tissues excites the 
development of collateral vessels it would be logical to assume that onee an 
adequate flow to an extremity had been established there would be no further 
production of such a chemical substance and therefore no further increase in 
collateral circulation. This is contrary to fact. For example, examination of 
the collateral beds in Animals T10 and T24 (Fig. 10) indicates that this develop- 
ment is a continuous and progressive process. The femoral fistula in T10 which 
had been present thirteen months had excited the development of only a moderate 
collateral bed, whereas the femoral fistula in T24 which had been present for 
six and one-half years produced a truly remarkable collateral bed with great 
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dilatation of the main artery and all its branches proximal and distal to the 
fistula, all of which poured blood into the venous system and back to the heart 
by way of the fistula. 

Clinical evidence is also overwhelming that this development of collateral 
circulation goes well beyond the necessity envisioned by Lewis of providing an 
adequate circulation to tissues deprived of blood: as time goes on in the presence 
of an arteriovenous fistula the leg may become progressively larger than its 





Fig. 10.—The development of collateral vessels around and distal to a fistula (F’) is a 
progressive process, moderate in animal T1 after thirteen months, and most extensive in animal 
Tx after six and one-half years. Note marked dilatation of proximal artery and of all proximal 
branches of both the aorta and the iliac artery on the side of the fistula in Tas. (Compare arteries 
A and A’, B and B’, C and C’, D and D’.) 
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fellow; the affected leg in a growing child may become longer through greater 
growth of either femur or tibia; the surface temperatures on the side of the 
fistula may become higher by 2 to 3 degrees; and the volume of blood flowing 
to the affected limb may gradually increase as evidenced by the progressive 
dilatation of the artery and its branches both distal and proximal to the fistula. 
These effects, however, are not invariable. Arteriovenous fistulas have been 
deseribed in literature which have shown puzzling variations from those just 
mentioned, as for example atrophy of a limb beyond a fistula, or a limb colder 
distal to the fistula than the normal limb.'” 

The failure of collateral vessels to develop in Animal Amp. 5 in contrast 
with the great development of collateral vessels in Animal Amp. 6, provided the 
first evidence that the most important condition necessary for the opening up 
of collateral vessels is that the artery distal to the fistula be patent and that it 
have large branches through which blood may find access to the area of lowered 
resistance introduced by the fistula. In a previous publication’ the opinion had 
been expressed that the effects of an arteriovenous fistula upon the circulation 
depended upon what happened fortuitously to the vessels proximal and distal 
to a fistula during the healing process, that unyielding fibrous tissues deposited 
around one or another of these vessels might prevent their usual dilatation and 
therefore inhibit or alter the expected effects of an arteriovenous fistula. It was 
asserted also that heavy scarring around the fistula itself might prevent the 
progressive enlargement of the fistula, and thus prevent the progressive effects 
of the fistula upon circulation. In order to verify or disprove these contentions 
a number of different experiments were undertaken : 

Bilateral femoral fistulas were established, each located in exactly the same 
place just distal to the emergence of the deep femoral branch in an area where 
usually no branches are encountered. The fistulas in all experiments were made 
exactly 2 em. long, and great care was taken to include only a minimal amount 
of the wall of the artery and vein in the anastomosing stitch, and above all to 
avoid any constriction or stenosis of the artery or vein at either end of the 
fistula. The fistulas were made 2 em. long, first to insure their remaining patent 
(small fistulas heal spontaneously), and second, to get their effect promptly, 
that is, over one year’s time, rather than waiting ten to twenty years as in 
clinical subjects. Conditions at the site of one or the other of the two fistulas 
were then altered (1) by applying an aluminum band encireling but not con- 
stricting the artery proximal to the fistula (Animals HB, and HB,); (2) by 
applying a band to the artery distal to the fistula constricting it to one-half its 
diameter (Animals HB, and HB,); (3) by applying a band on the vein just 
proximal to the fistula (Animals HB, and HB,) ; (4) by ligating the artery just 
distal to the fistula on one side, and just distal to the first branch beyond the 
fistula on the other side (Animals HB, and HB,,); (5) by doubly ligating and 
dividing the femoral artery on one side and producing a fistula on the other side 
(Animal HB,). 

Startling and important information was obtained in these animals as the 


following protocols will disclose. 
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Animal HB, (18 kilograms). Bilateral fistulas were established on March 4, 1948, 
an aluminum band being applied to the artery just proximal to the fistula on the left. 
Within twenty-four hours the right leg showed some edema, the left none. Forty-eight 
hours later the edema on the right had become marked, the left leg being still without 
swelling. By March 9 the edema began to subside, but as it subsided the superficial veins 
became prominent. By April 16 the swelling on the right had completely subsided and 
the superficial veins were markedly prominent as compared to the left, indicating a greater 
flow through the right fistula and a greater venous pressure distal to the right. fistula. The 
disappearance of the edema concomitant with the appearance of dilated veins, coincides, 
so it is believed, with the dilatation of the veins proximal to the fistula to a size sufficient 
to provide adequate venous return for the increased arterial flow to the limb, thereby 
diminishing the pressure in the venous bed distal to the fistula. 

On April 5, 1949, one year later, the veins on the right were very prominent as com- 
pared with the left and the thrill and bruit were much more intense on the right. With 
both fistulas open the pulse rate was 132. On closing the left fistula, the pulse dropped 
to 114; on closing the right fistula it dropped to 88; on closing both fistulas it dropped to 
84. The greater reduction in pulse rate on closing the right fistula was additional evidence 
of a greater flow of blood through the fistula on the right as compared with the left. 
Under nembutal anesthesia the venous pressure in the left jugular vein was 5.5 em. of 
water, in the superficial veins of the right lower leg 41 cm. of water, and in the left leg 
19.5 em. of water, further evidence of a greater flow through the fistula on the right. 

The two fistulas were isolated and kymographic readings of pressures in the left 
carotid artery were obtained under varying conditions at the site of the fistula (Fig. 11). 
Following ligation of the artery and vein proximal and distal to the fistulas, the arterial 
tree was visualized by roentgenograms taken after the injection into the thoracic aorta 
of bismuth oxychloride. A good collateral bed was demonstrated on both sides with some 
dilatation of the artery proximal to the fistula on the right as compared to the normal- 
sized artery on the left, this normal size being due to the band on the artery proximal to 
the fistula which prevented its dilatation by limiting the volume flow of blood through it. 
It is very significant that the collateral bed around the fistula was much. more extensive 
than that observed in those animals in which the artery distal to the fistula was banded as 
in HB, and HB,, or ligated as in HB; and HBy. 


Animal HB, (Duplicate of HB,). The fistulas were established on March 11, 1948, 
with a band encircling but not constricting the artery proximal to the fistula. on the left. 
Again as in HB, a marked edema of the right thigh and leg was noted within twenty-four 
hours, but none on the left. On March 15 the edema of the right was already beginning 
to recede, and by April 16 it had completely disappeared, concomitant with the appearance 
of very large prominent veins on the right, and large but less prominent veins on the left. 

On April 6, 1949, the thrill and bruit were intense on both sides, though less so on 
the left. Closure of the fistula on the left by digital pressure caused a retardation in 
pulse rate from 116 to 104; closure of the fistula on the right slowed the pulse from 124 
to 88, definite evidence of a greater flow through the fistula on the right as compared with 
the left. Under intravenous nembutal anesthesia venous pressure in the right jugular vein 
was 8 cm. water, in the veins of the right lower leg below the fistula 23 em. water, and in 
the left lower leg 21.5 cm. water. Both fistulas were isolated followed by visualization. of 
the arterial tree (Fig. 12) which revealed a good collateral bed in the thigh on both sides, 
dilatation of the artery proximal to the fistula on the right but absent on the left, and 
large patent arteries distal to the fistula on both sides. 


Animal HB, (14.4 kilograms). ‘Two fistulas were established on April 7, 1948. On 
the right aluminum bands were applied encircling the vein both proximal and distal to the 
fistula but not constricting it. On the left an aluminum band was applied encircling the 
vein proximal to the fistula but not constricting it. Marked swelling of the left leg 
appeared promptly within six hours following operation. The next morning the animal 
was found dead, both legs markedly swollen. Both anastomoses were intact, there was no 
hemorrhage, the heart was small and contracted. It was obvious that the animal died of 
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a. b. 


Fig. 12, a and b (HB:).—Visualization of arterial bed in HBz revealed a good collateral bed 
on both sides and dilatation of artery proximal to fistula on right, but no dilatation of proximal 
artery on left due to modifying effect of encircling band on proximal artery which restricted the 
amount of blood flowing through this artery. (Compare arteries A and A’.) 





Fig. 13 (HBs).—a, April 22, 1948, Marked swelling of left leg the day following establish- 
ment of a femoral fistula modified by encircling band on vein proximal to fistula, thus diverting 
arterial flow through the fistula into the distal venous bed. 

b, May 2, 1949, This swelling was progressive, greatly resembled elephantiasis, and was 
undoubtedly due to chronic venous stasis incident to arterial blood flowing directly into the 
distal venous bed. 
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loss of blood into both legs by deflection of the arterial flow into the distal veins from 
which blood could not easily return to the heart due to the encircling bands on both femoral 
veins proximal] to the fistulas. 

Animal HB, (22 kilograms). A 2 em. sized fistula was estabiished on the left, with 
an aluminum band encircling the proximal vein but not constricting it. No fistula was 
produced on the right. Immediately after opening the fistula the pulse rate increased to 
192 and respirations to 120. This strain on the animal’s circulatory system was only 
temporary, however, and on the following day the pulse rate had slowed to 160. Within 

















Fig. 14 (HB:).—A, Closure of artery distal to fistula produced a rise in carotid pressure 
only slightly less than the blood pressure rise on closing the artery proximal to the fistula (B), 
indicating a considerable retrograde flow into the fistula through the distal artery. 


twenty-four hours a remarkable swelling of the leg appeared and gradually progressed to 
elephantiasic proportions, never to regress (Fig. 13). The pulse rate remained greatly 
accelerated; on July 27 the rate with the fistula open was 152, and 120 with it closed. 
By May 13, 1949, the swelling of the leg had become extreme, accompanied by marked 
thickening of skin and an induration of the subcutaneous tissue quite like that of a true 
elephantiasis which it greatly resembled. The pulse rate was 124 with the fistula open, 
104 with it closed. Under intravenous nembutal anesthesia, venous pressure in the normal 
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right lower leg was 19 em. water, which did not change on opening or closing the fistula. 
The pressure in the left jugular vein was 5 em. water, which also did not change on closing 
the fistula. The venous pressure in the left thigh was 32 em. water with the fistula open 
and 23.5 em. with the fistula closed. The fistula was isolated and kymographic records of 
carotid pressure were made under varying conditions at the site of the fistula (Figs. 14 
and 15). 

An important demonstration was the retrograde or cephalad flow of blood in the 
artery distal to the fistula, for example, closure of the fistula produced a rise in blood 
pressure in the cannulized artery distal to the fistula. Subsequent visualization of the 
arterial tree (Fig. 16) revealed an extraordinary collateral bed bringing blood to the 
fistula by cephalad flow of blood through the dilated artery distal to the fistula. 


Fig. 16 (HB:s).—Demonstration of remarkable collateral bed around and distal to fistula on 
left with dilatation of artery both proximal and distal to fistula. Flow in distal artery was 
cephalad. Note dilatation of artery well beyond the fistula below the knee as compared with the 
normal arterial bed on right. (Compare arteries A and A’, B and B’, C and C’.) 


Animal HB, (28 kilograms). On July 23, 1948, bilateral fistulas were established, but 
on the left an aluminum band was applied to the artery distal to-the fistula, compressing 
it to one-half its normal diameter. On the following day a good pulse could be felt distal 
to the fistula on the right, but there was no pulse palpable on the left distal to the fistula. 
On April 18, 1949, the pulse rate with both fistulas open was 132, with the right closed by 
digital pressure it was 108, with the left closed it was 124, indicating a much greater flow 
of biood through the right fistula. Under nembutal anesthesia kymographic records of 
carotid pressures under varying conditions at the fistula indicated clearly that the flow of 
blood in the artery distal to the right fistula was in the cephalad direction, bringing blood 
to the fistula through a very well-developed collateral bed, as disclosed by the roentgen 
visualization of the arterial bed when injected with bismuth oxychloride. 


Animal HB, (17 kilograms). Bilateral fistulas were produced on July 27, 1948, the 


left fistula being modified, as in HB,, by an aluminum band compressing the artery distal 
to the fistula to one-half its normal diameter. Within twenty-four hours there was marked 
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swelling of the right leg, only slight swelling of the left leg. By August 3, the swelling 
on the left had partially receded, that on the right was still extreme, but by August 25 
the swelling of both legs had receded remarkably, concomitant with the appearance of 
large prominent superficial veins. On April 19, 1949, under nembutal anesthesia the two 
fistulas were isolated and arterial carotid pressures were recorded (Figs. 17 and 18). Again, 
retrograde flow through the artery distal to the right fistula was demonstrated and the 





Fig. 17 (HBe).—Kymographic record of carotid pressures: Closure of femoral fistula on 
right caused a rise in pressure greater than closure of left fistula because the latter was modi- 
fied by an encircling band on distal artery preventing retrograde flow into fistula. Closure of 
both fistulas caused a great increase in carotid pressure indicating again that the extent. of the 
volume flow of blood into the venous bed determines the effect of the fistula upon the circulation. 


injected arterial tree revealed a marked collateral bed (Fig. 19) around and distal to the 
fistula, which poured blood into the fistula by way of the distal artery. There was no 
such collateral bed on the Jeft where the artery distal to the fistula had been constricted 
to one-half its diameter. 

Animal HB, (13 kilograms). On Aug. 3, 1948, identical bilateral fistulas were estab- 
lished: on the right the artery distal to the fistula was ligated at a point beyond the first 
large branch, that is, between the ligature and the fistula a large branch emerged from 
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the artery. On the left the artery was ligated just beyond the fistula, there being no such 
branch between the fistula and the ligature. On April 28, 1949, closing the right fistula 
retarded the pulse from 120 to 104, and closing the left fistula lowered the pulse from 116 
te 100. Under nembutal anesthesia the venous pressure in the right lower leg was 33 em. 
water, in the left lower leg 29.5 em. water, in the left jugular vein 3.5 cm. water. 

Kymographiec recordings of carotid pressure gave evidence that a greater flow of 
blood was passing through the right fistula than through the left fistula (Fig. 20), due 
no doubt to the additional flow of blood into the fistula by way of the one lone branch 
lying between the fistula and the ligature on the distal artery. 

The paucity of collateral vessels around and below the fistulas on both sides, as dis- 
closed by roentgen visualization of the arterial tree, was very striking (Fig. 21 When 
compared with the collateral circulation around fistulas unmodified by ligatures on the 
distal artery, this minimal development of collateral circulation may be directly attributed 
to interference with access to the fistula by way of the distal artery. 


a. b. 


Fig. 19, a and b (HBe).—Remarkable collateral bed around and distal to unmodified right 
femoral fistula as contrasted with almost no collateral bed around left fistula, the distal artery 
of which had been constricted by an encircling band. The flow in the distal artery on right was 
in cephalad direction. Note also the dilatation of the proximal artery on the right as compared 
with the normal left artery and definite dilatation of branches of the aorta on the right as 
compared with the left, all evidences of increased blood flow toward the wide open fistula on 
the + to which all avenues of approach were delivering blood. (Compare arteries A and A’, 

> an ray 

Animal HB, (16 kilograms). On Dee. 7, 1948, bilateral femoral fistulas were estab- 
lished, modified as follows: On the left the artery distal to the fistula was ligated just 
distal to the first branch. On the right the artery was ligated just beyond the fistula. 
On May 3, 1949, under intravenous nembutal anesthesia, the two fistulas were isolated and 
carotid pressures recorded under varying conditions at the fistula. It was observed that 
the large branch between the fistula and the ligature on the right had become dilated to 
a diameter of 3 mm. and was transmitting blood to the fistula by cephalad flow through 
it, evidence again that the lowered peripheral resistance at the fistula draws blood to this 


site from all available sources. 
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a. b. 


Fig. 21, a and b (HB;).—Visualization of arterial bed in the presence of bilateral femoral 
fistulas modified by ligation of the artery distal to the fistula revealed a real dearth of col- 
lateral vessels as a result of these ligations which denied flowing blood access to the fistula by 
way of these distal arteries. 





a. b. 


Fig. 22, a and b (HBs).—Ligation and division of femoral artery on right resulted in mini- 
mal development of collateral vessels, but introduction of femoral fistula on left produced a 
marked dilatation of proximal artery and development of an extensive collateral bed around and 
distal to fistula, 
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Further evidence of this cephalad flow was the continuance of the thrill at the site 
of the right fistula when the artery and vein proximal to the fistula were ligated. Only 
on ligating the artery and the dilated branch distal to the fistula was this bruit and thrill 
controlled, indicating a substantial flow of blood into the fistula through the artery distal 
to the fistula. Visualization of the arterial bed revealed again a real paucity, almost 
complete absence, of collateral vessels around and distal to the fistula on both sides. 


Animal HB, (12.3 kilograms). On Aug. 31, 1948, a single unilateral 2 em. fistula was 
produced between the femoral vessels on the left. On the right at the corresponding site 
two ligatures were applied to the femoral artery and the vessel divided between them. 
On Sept. 7, 1948, the left leg was greatly swollen, whereas the right leg looked normal. 
This swelling persisted with the appearance of prominent superficial veins. On April 12, 
1949, the animal was found dead after a fight. The arterial tree was injected and roent- 
genograms (Fig. 22) revealed almost no collateral vessels on the side of the completely 
divided femoral artery, but a truly remarkable enlargement of the collateral vessels around 
and distal to the left femoral fistula. 


SUMMARY OF EXPERIMENTAL OBSERVATIONS 


On opening a femoral fistula, the artery both proximal and distal to the 
fistula became narrowed and its caliber definitely reduced in size, a phenomenon 
comparable with the reduction in size of the heart that accompanied the opening 
of the bilateral fistulas. 

The production of an arteriovenous fistula in the main vessels of the stump 
of a limb previously amputated in the thigh resulted in dilatation of the artery 
proximal] to the fistula and in the development of varying degrees of collateral 
circulation. If the fistula was located at the terminus of the artery or if there 
were no branches between the fistula and the ligated end of the artery, no 
inerease in collateral circulation was observed. If one or more branches lay 
between the end of the artery and the fistula, permitting access to the site of 
lessened resistance by retrograde flow through these distal branches, extensive 
collateral circulation developed. Since potentially ischemic tissues beyond the 
fistula had been removed by amputation, this development of collateral vessels 
could not be attributed to a chemical stimulant, as postulated by Lewis, nor to 
tissue needs as suggested by Reid. 

The effects of a fistula of standard length upon the cireulation around it 
were greatly altered by altering the conditions at the fistulas: The application 
of a band encircling the artery proximal to the fistula prevented its usual dila- 
tation due to limitation of the volume flow of blood through it. 

Ligation of the artery distal to the fistula prevented the opening up of the 
collateral vessels by blocking easy access to the site of low resistance introduced 
by the fistula. If a small branch lay between the fistula and the ligature closing 
the distal artery, this branch became dilated and by retrograde flow through 
it supplied the fistula with blood. 

A large fistula without constriction of either the proximal or distal arteries 
provided the most effective stimulus for the dilatation of the artery proximal 
to the fistula and for the opening up of collateral vessels. The extent of col- 
lateral circulation was dependent upon the duration of the fistula. 

If a band was applied to the vein proximal to the fistula, thus blocking the 
easy return flow to the heart, the arterial flow was directed through the fistula 
into the distal vein producing a progressive edema of elephantiasie proportions. 
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When the vein proximal to the fistula was widely patent the edema which 
immediately followed the production of a fistula subsided concomitantly with 
the appearance of large and prominent superficial veins harboring greatly in- 
creased venous pressure. The disappearance of the edema was attributed to the 
dilatation of the main venous channels proximal to the fistula to a size which 
permitted draining off promptly the increased arterial flow attracted to the 
extremity in which the fistula lay. 

Ligation and division of the femoral artery in one limb produced a minimal 
collateral circulation beyond the ligation as compared with an extraordinary 
enlargement of the arterial collateral bed in the other limb containing a femoral 
arteriovenous fistula, indicating that blood in the aorta was deflected more 
readily into the limb of lessened resistance due to the fistula than into the limb 
in which peripheral resistance had been increased by ligation of its main artery. 


COLLATERAL CIRCULATION INCIDENT TO ARTERIAL LIGATION 


In considering the various factors involved in determining the effects of 
simple arterial ligation upon the development of collateral circulation I should 
like to emphasize the postulate that blood pressure in the main arterial tree 
decreases as one approaches the periphery, that ‘‘lateral’’ pressure and ‘‘end’’ 
pressure in the large main vessels differ materially, that ‘‘end’’ pressure in the 
ascending aorta for example is very much greater than ‘‘end’’ pressure in the 
femoral artery. Lateral pressure at a given point in a main vessel is concerned 
with the pressure of the flowing blood obtained in a branch of the main arterial 
tree at that point, and actually is the end pressure in that much smaller branch. 
End pressure at a given point in a large artery is that pressure produced in the 
artery when the forward thrust of the flowing blood is suddenly blocked at that 
point by ligation. It is obvious that end pressure at a given point in the arterial 
tree must be great enough to overcome the peripheral resistance beyond this 
point and that the sum total of resistance at A (Fig. 23) just beyond the aortic 
valves is much greater than the resistance beyond the femoral artery at D. 
Since pressure must equal resistance to effect a flow of blood, a greater pressure 
is required at point A than at point D. This greater pressure is effected largely 
by velocity of flow at A in terms of cubie centimeters per second, which in turn 
depends upon the cardiac output, the total blood volume, and the cross section 
of the artery at that point. 

When an artery is ligated, end pressure is suddenly converted into lateral 
pressure, and the magnitude of this conversion has, been found by experiment 
to depend entirely upon the location of the ligation in the arterial tree. For 
example, the mean arterial pressure of a branch of the common iliae artery was 
found to be 160 mm. Hg (Fig. 24). On closing the artery beyond the cannulized 
branch as well as the other two branches of the trifureation of the aorta the 
mean pressure rose only 4 mm. to 164 mm. Hg. After opening the abdomen 
with a resulting mild fall in blood pressure, the mean arterial pressure in the 
left renal artery was found to be 150 mm. Hg. On closing the aorta beyond the 
renal artery, the mean pressure in the latter rose to 170 mm. Hg, an increase 
of 20 mm. Hg pressure. The chest of this animal was then opened and the mean 
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arterial pressure in the left subclavian artery was found to have dropped to 
110 mm. Hg, but rose to 142 mm. Hg on closing the aorta beyond the subelavian 
artery, a rise of 32 mm. Hg. In the intact chest the pressure in the subclavian 
artery would have risen even higher on closure of the aorta. 
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: Fig. 23.—Arterial end pressure at any point in the arterial tree is dependent upon the 
peripheral resistance beyond that point, that is, the peripheral resistance at A is greater than 
at D. Hence end pressure at A must also be greater than at D. End pressures at B, C, and D 


following ligation of artery are recorded in Fig. 24. 


The extraordinary dilatation of the subclavian artery and the concomitant 
great increase in arterial pressure in this artery seen in the presence of aortic 
coarctation provides the best clinical evidence of the differing effects upon 
pressure produced by closure of a large artery close to the heart, as compared, 
for example, with closure of the terminal aorta or the smaller iliae artery. 

Reduced to its simplest terms the effects of ligation of an artery may be 
deseribed as follows: When the arterial segment XY (Fig. 25) is ligated at Z, 
the high end pressure at Z is promptly converted into high lateral pressure 
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primarily because the large volume of blood formerly flowing past Z is now 
foreed into branch A which is much smaller than the parent artery. As a con- 
sequence, pressure in branch A and in the arteriolar and capillary bed C is 
raised greatly, whereas pressure in artery A’ and in the arteriolar and capillary 
bed C’ supplied by it has fallen greatly. The arteriolar bed C’ being the only 
low pressure area, blood from bed C will flow into bed C’ and thence into Y. 
Similar conditions prevail when an arteriovenous fistula is introduced into 
the segment XY (Fig. 26), resulting in a great reduction in pressure in the 
arteriolar and capillary bed C’ due to the easy flow and escape of blood through 
the fistula into the vein where resistance is low as compared with the much 
greater resistance to flow in the capillary bed distal to the fistula. Due to this 
low pressure area in bed C’ blood will be attracted to it from the arteriolar bed 
C resulting in an increased flow through the corresponding collateral vessels 
which open up and become dilated in response to this increased flow. 


Xx 
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Fig. 25.—See text. Fig. 26.—See text. 





With full appreciation of these changes in pressure both around a ligated 
artery and around an arteriovenous fistula there is little need of postulating a 
chemical stimulant to open up the anastomotic or collateral bed. 

Furthermore, if we accept the premise that the end pressure in an artery 
depends upon the size of the artery and upon its location in the main arterial 
tree, a number of phenomena are more easily understood, as for example, Hal- 
sted’s dictum that the nearer to the heart an artery is ligated, the less danger 
there is of gangrene, that is, the higher the end pressure in an artery the higher 
becomes the lateral pressure on its ligation, and the greater is the distending 
foree available to open up anastomotic channels. 

It explains also certain observations as to the effects of arteriovenous fistulas 
upon the circulation; the nearer to the heart the fistula lies in the main arterial 
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tree and the larger the vessels involved, the greater is the flow through the 
fistula, the more rapid is the dilation of the heart, and the greater is the possi- 
bility of an early fatal effect. Potts'* finds, for example, that he cannot exceed 
a size of 4/16 inch in producing a fistula between the aorta and pulmonary 
artery without danger of cardiac failure. An arteriovenous fistula 1.5 em. in 
diameter introduced proximal to the trifureation of the aorta in a dog is in- 
variably fatal because of too great diversion of blood through the fistula and 
therefore through the heart, whereas the same sized fistula in the femoral vessels 
is never immediately fatal. 


CONCLUSIONS 


The Lewis theory that a chemical substance originating in ischemic tissue 
or the Reid theory that ‘‘tissue needs’’ beyond the fistula excite the development 
of collateral circulation around an arteriovenous fistula are untenable, since 
amputation of the potentially ischemic tissues beyond the fistula does not inter- 
fere with its development. The important condition for its development has 
been found to be ready access of blood to the site of the fistula by retrograde 
flow through a widely patent distal artery and its branches. The most effective 
deterrent to the development of collateral circulation is to ligate the artery just 
distal to the fistula, leaving no branches intervening between the fistula and 
site of ligation. 

The application of a band on the artery proximal to a fistula prevents 
dilatation of the artery by limiting the volume flow of blood through it. The 
application of a band on the vein proximal to a fistula results in the development 
of progressive edema of an elephantiasic nature. 

These experiments indicate that the variable effects of an arteriovenous 
fistula observed clinically are due to variable conditions at the site of the fistula 
as imposed most probably by the deposition of fibrous tissue, which by its con- 
traction in the course of healing obstructs or limits the fistula itself or one or 
another of the four cardinal points of the fistula. 

Again it has been proved that the circulatory phenomena accompanying 
an arteriovenous fistula can be attributed to the introduction into the arterial 
system of an area of lessened resistance through which blood flows more readily 
than through the eapillary bed elsewhere, and through which blood from a 
reservoir of high arterial pressure has direct access to a capacious venous bed 
of no or very low pressure, which is in direct communication with the heart. 

The eollatera] cireulation which develops following ligation of a large 
artery depends upon transforming high ‘‘end pressure’’ in the parent artery 
into ‘‘lateral’’ pressure which, directed into its branches, results in an increased 
volume flow through them. This increased volume flow distends them and opens 
up their prearteriolar and arteriolar beds, whence the flow is directed into the 
prearteriolar beds of the branches distal to ligation, whose low pressure because 
of the ligation, permits blood to flow through them more readily than through 
prearteriolar beds elsewhere. 

‘‘End pressure’’ at a given point is directly proportional to the peripheral 
resistance beyond that point, and must necessarily be greatest in the ascending 
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aorta where the entire peripheral resistance of the body must be overcome, and 
least in end arteries where end pressure gives place to lateral pressure. As one 
approaches the periphery and as resistance diminishes, end pressure falls. This 
is best exemplified by the profound disturbance of an obstruction in the thoracic 
aorta, as produced for example, by coarctation, as compared with the lessened 
effects of ligation of the terminal aorta. 
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A STUDY OF THE COLLATERAL CIRCULATION AFTER 
EXCISION OF ARTERIOVENOUS FISTULAS 


Lewis H. Bosuer, Jr., M.D., FLEMING Harper, M.D., AND 
I. A. Biccer, M.D., RicHMonpD, VA. 


AS A result of the abundant collateral circulation which develops in the re- 
gion of an arteriovenous fistula, acute ischemic gangrene rarely follows 
excision of the fistulous area. However, in 1944, one of the authors (I. A. B.)! 
called attention to the frequency of chronic vascular insufficiency after fistulee- 
tomy and mentioned its occurrence despite the presence at operation of a strong 
Henle-Coenen sign, that is, pulsation of the distal arterial segment. Subse- 
quently, Heringman, Rives, and Davis? ; Shumacker and Carter®; and Freeman‘ 
also reported a high incidence of chronic vascular insufficiency in eases in which 
excision necessitated interruption of the main artery to the extremity. Weakness 
of the extremity, easy fatigability, susceptibility to cold, intermittent claudica- 
tion, color changes, muscular atrophy, and ulceration were mentioned as common 
sequelae. Some degree of vascular insufficiency occurred in certain cases even 
when sympathectomy had been done. ‘The collateral circulation was adequate 
to the needs of the tissues at rest, but was insufficient to meet the demands of 
physical exercise. This was in contrast to the satisfactory results obtained by 
those procedures in which the lumen of the main artery was preserved. 

To explain this vascular insufficiency Bigger® suggested a regression of the 
arterial collateral bed following excision of arteriovenous fistulas. Holman® had 
previously observed a reduction in the size of the proximal artery after fistulee- 
tomy in experimental and clinical cases. Reid’ had indicated that the postfis- 
tulectomy rise in surface temperature in the distal part was not sustained at the 
initial level. Freeman’ stated that oscillometric readings following repair of the 
artery were frequently greater immediately after the operation than some weeks 
later, but did not state whether the same applied to cases of excision. 

The investigations reported here were undertaken to determine whether 
or not a regression of the collateral bed could be demonstrated in experimental 


animals. 
TECHNIQUE 


Fistulas, usually 2 to 2.5 em. in length, were constructed by lateral anasto- 
mosis between the femoral vessels of voung adult dogs, just distal to the pro- 
funda branch. The fistulas were excised after periods of from 6 weeks to 13 
months. The functioning collateral vessels were demonstrated radiologically in 
the living animal, under pentothal anesthesia, by aortic injection of 75 per cent 
Neo-iopax* or 70 per cent Diodrast.t X-ray exposure was made after injecting 


Recognition is due Dr. Chester Herrod, Boston, Mass., and Dr. Richard Lemmer, 
St. Louis, Mo., for their technical assistance in Groups 3 and 4 of this work, respectively. 

Read at the third annual meeting of the Society for Vascular Surgery, Atlantic City, 
N. J., June 5, 1949. 

A preliminary report of this investigation was presented in the Forum on Fundamental 
Surgical Problems before the Clinical Congress of the American College of Surgeons, New 
York, Sept. 11, 1947. 

*Supplied by the Schering Corporation, Bloomfield, N. J. 

+Supplied by the Winthrop Chemical Company, Inc., New York, N. Y. 
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15 to 20 ¢.c. of the contrast medium in 3 to 5 seconds through a size 18 or 19 
spinal needle. Air pressures of 50 to 60 pounds increased the rate of injection 
sufficiently to obtain satisfactory visualization of the collateral hed. Such studies 
were carried out immediately after fistuleetomy and at subsequent intervals. 

By using the contralateral leg as a control, and visualizing both lower ex- 
tremities on a single x-ray film, any differences in filling technique between the 
initial and subsequent films were clearly demonstrated. Since slight shifts in the 
position of the legs caused some alteration in the pattern of the collateral beds, a 
uniform position was adopted. 


Fig. 1.—lIllustration of the simple arrangement used in making an aortic injection. The in- 
injector apparatus is connected to the aortic needle by a light pressure tubing. 


After some practice aortic puncture opposite the third or fourth left lumbar 
interspace was successfully accomplished by blind puncture in almost every in- 
stance. 

The sudden increment in blood volume (ihat is, 15 to 20 ¢.e. in 3 to 5 see- 
onds) probably did not distend the collateral bed significantly. The injection 
apparatus devised by Doss® was modified slightly to suit our purposes (Fig. 1). 
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We have encountered a few instances of transverse myelitis following the 
aortic injection of 75 per cent Neo-iopax. These animals were eliminated from 
the series. Where serial studies were contemplated, Neo-iopax was preferred over 
Diodrast since the latter drug caused more retroperitoneal bleeding following 
withdrawal of the large needle from the aorta. 

Vasospasm, either as a result of the aortic injection or pentothal anesthe- 
sia, could not be completely discounted, but the opposite leg served as a suitable 
control. Furthermore, in almost all instances, as judged by the control leg, the 
filling technique was more satisfactory in follow-up films. This was undoubtedly 
due to the regression of the large collateral bed on the side of the fistulectomy, 
thus reducing the total vascular space to be filled. 


EXPERIMENTAL RESULTS 


Angiograms made with the fistula patent are unsatisfactory since much of 
the contrast medium is shunted through the fistula, filling the venous as well as 
the arterial bed and producing a confusing maze of poorly defined, dilated ves- 
sels. As stressed by Deterling, Essex, and Waugh,’ a large proportion of the 
collateral vessels shown when the fistula is patent are venous channels. How- 
ever, in addition to the large number of venous collaterals, an arterial bed can 
be demonstrated which is decidedly greater than that developed by ligation of 
the artery alone or with the concomitant vein. 


Using the technique we have described, arteriograms made after excision of 


the fistula showed only the arterial collaterals. Immediately after fistulectomy 
a considerable enlargement of the main artery and its branches proximal to the 
site of the fistula could be demonstrated. In addition, the main artery distal to 
the fistula and those branches with anastomotic connections in the thigh showed 
constant dilatation. The intervening collaterals were more numerous, more 
dilated, and more tortuous than those which developed after simple ligation. 
The distal enlargement of the main artery terminated abruptly at the origin of 
the last major collateral branch in the thigh. No collateral vessels extended into 
the lower leg. 

Group 1.*—In Group 1 of this study the contralateral artery and vein were 
kept intact. The fistulas were maintained for 11 to 13 months before excision 
and the follow-up period lasted 7 to 15 weeks. 

In this group there were 6 dogs upon whom satisfactory studies were com- 
pleted. Moderate to marked regression oceurred in 5, while in 1 there was no re- 
gression. Further investigation indicated that the degree of regression varied 
directly with the extent of development of the collaterals. 

In 1 animal in this group a thrombus had developed in the proximal artery 
so the fistula was being fed entirely by the distal artery. An extremely rich 
collateral bed resulted. 


*The experiments in Groups 1 and 2 were carried out in the Surgical Research Laboratory 
of the Medical College of Virginia, Richmond, Va. The Group 3 experiments were done in the 
Surgical Research Laboratory of the Harvard Medical School, and the Group 4 experiments 
were performed in the Surgical Laboratories and Mallinckrodt Institute of Washington Uni- 
versity Medical School. 
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In dogs of this group, x-ray studies made as early as the fourth or fifth day 
after fistulectomy revealed a considerable regression in the main collateral bed 
and in the distal artery, but the proximal artery did not return to normal size 
until the second or third week. 


RB, 

Fig. 2.—A, Arteriogram made immediately after fistulectomy. Fistula on the right and 
ligation on the left present for 14 weeks. Note the much greater development of collaterals 
on the side of the fistula. The dilatation of the distal artery extends to the last major col- 
lateral branch in the thigh. 

B, Arteriogram made 6 weeks after fistulectomy. A marked regression of the collateral 
bed on the side of the fistulectomy is now evident. There has been no change on the contra- 
lateral, ligated side. 
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Group 2.—In Group 2, immediately after fistulectomy, and after the aortic 
injection, the main vessels were ligated on the contralateral side. Fistulas were 
maintained for only 6 to 8 weeks before excision and the follow-up period lasted 
only 8 weeks. 


A. 


B. 


Fig. 3.—A, An enlargement of the arteriogram illustrated in Fig. 2. The side of the 
fistulectomy only is shown. B, Similar enlargement showing the final state of the collaterals 
on the side of the fistulectomy. 
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A rather profuse collateral bed developed, but the dilatation of the individual 
vessels was somewhat less than in comparable fistulas of longer duration. 

As a result of the contralateral ligation it was possible to compare the col- 
laterals after regression with the collaterals developed by simple ligation. 

Of the 8 dogs in this group the final collateral bed on the side of the fis- 
tulectomy was approximately equal to that on the contralateral, ligated side in 
4, slightly more extensive in 2, and slightly less in 2. 

Group 3.—Animals in Group 8 differed from those in the preceding group 
in that the contralateral ligation was performed at the time of constructing the 
fistula. The fistulas were of longer duration (15 to 20 weeks), but the follow-up 
period lasted only 6 weeks. 

The findings in the 4 dogs of this group were entirely consistent with those 
previously described. The final collateral bed on the side of the fistulectomy 
was equal to that on the contralateral side in 2 and slightly less on the side of 
the fistulectomy in 1. A satisfactory comparison was not possible in the fourth 
animal. Figs. 2 and 3 illustrate the results of the x-ray studies in one of this 
group. 

Group 4.—In order to exclude any possible influence of the contrast medium 
on the regression of collaterals, 5 animals were prepared as in Group 3, but no 
aortic injections were made immediately after fistulectomy. After intervals of 
time varying from 214 to 10 weeks, x-ray studies were carried out and the ani- 
mals then sacrificed. Pathologic examination of the collateral vessels was made. 

In the animals of this group, it was ascertained at the time of fistulectomy 
that a satisfactory collateral circulation had developed... Previous observations 
had shown that persistence of a strong thrill and distal pulsation after proximal 
occlusion of the artery correlated well with radiologic evidence of an extensive 
collateral bed. 

The results in this group confirmed our impression that the contrast medium 
had not appreciably influenced the results. 

The final collateral bed on the side of the fistulectomy was equal to that on 
the contralateral side in 2 dogs, slightly more extensive in 2 dogs, and slightly 
less in 1. 

Table I gives a comparative analysis of the opposite collateral beds in dogs 


of the last three groups. 


TABLE I. COMPARISON OF FINAL COLLATERAL BEDS 








CONDITION NUMBER 
Slightly better on side of fistulectomy 4 
Approximately equal 8 
Slightly better on contralateral ligated side oF 








Findings of considerable interest have resulted from the limited pathologic 
investigation.11 Briefly, the smaller collateral arteries, chiefly 0.2 to 1.0 mm. 
in diameter, in the region of greatest collateral development, show permanent 
organic changes. These changes consist primarily of minimal to marked fibrous 
tissue proliferation in the subendothelial zone and disruption and fragmentation 
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of the internal elastic membrane (Fig. 4). The basic pathologic changes are 
present at the time of fistulectomy, but it is not yet known whether the prolifera- 
tive process continues in the postfistulectomy period. 


_ Fig. 4.—Illustration of a small artery (300 microns in diameter) in the region of the 
main collateral bed. Specimen taken in the postfistulectomy period. Note the subendothelial 
proliferation of fibrous tissue and the fragmentation of the internal elastic membrane. 
(Verhoeff-van Gieson stain. ) 


DISCUSSION 


As previously stressed by many authors, a variety of factors influence the 
extent of the collaterals developed in the presence of an arteriovenous fistula. 
These include the size and duration of the fistula, the amount of the surrounding 
sear tissue, and the individual response to the stimulus of the fistula. Of para- 
mount importance also are the vascular pattern and the potential collateral 


anastomoses in the particular region in which the fistula is established. In this 
respect the collateral circulation to the lower extremity is more readily developed 
in the dog than in the human being. The lower extremity of the dog is relatively 
shorter than is that of the human being and the central artery of the aortic 
trifureation in the former provides an excellent collateral supply through the 
pelvis. Gangrene of the distal leg cannot be produced in the dog by simple liga- 
tion of the main artery at any point. Mulvihiil and Harvey” showed that within 
13 hours after ligation of the femoral artery of the dog, the skin temperature 
of the foot had returned to normal. We are cognizant of these differences be- 
tween the experimental animal and the human being in regard to the adequacy 
of the collateral circulation. Certainly more critical experiments than those re- 
ported here would be desirable. 

We have been impressed with the constant enlargement of the distal artery 
even in animals with relatively small fistulas and with the proximal artery fully 
patent. This finding contrasts sharply with many case reports in the literature 
describing the distal artery as smaller than normal. In Groups 1 and 2 actual 
measurement and comparison with the intact contralateral artery in arteriograms 
confirmed the enlargement of the distal artery in every case except one. In this 
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instance the collateral bed was no greater than one would expect following simple 
ligation of the artery. Experimentally, Holman*® was able to cause a definite 
dilatation of the distal artery by constricting or occluding the proximal artery. 
He also noted the enlargement of the distal artery in the presence of large fis- 
tulas. 

The constant enlargement of the distal artery undoubtedly signifies a retro- 
grade flow. At the point of origin of the last major collateral branch in the 
thigh, where dilatation of the main artery ceases abruptly, a two-directional 
flow must exist—proximally to the fistula and distally into the lower leg. 

This retrograde flow plays an important part in the development of the col- 
lateral bed, being responsible for the dilatation of those anastomotic vessels 
which arise distal to the fistula. Large channels are developed which divert blood 
away from the distal area into the fistula. In the absence of retrograde flow we 
would not expect a collateral bed greater than that developed after simple liga- 
tion of the artery. 

However, after excision of the fistula these channels direct an abundant 
supply of blood into the distal tissues. Clinically, the appearance of palpable 
and visible pulse in the distal arteries is often noted after occlusion or excision 
of a fistula. Robertson, Dennis, and Elkin,’* using plethysmographie methods in 
experimental animals, noted increases in distal blood flow up to 210 per cent 
greater than that existing before occlusion of the fistula. 

The results of our present investigations indicate that this abundant blood 
flow does not persist long after the excision of the fistula. A marked contraction 
of the collateral bed has been demonstrated as early as 4 days after the fistulec- 
tomy and undoubtedly begins even sooner. At this time the distal artery and 
the collateral bed distal to the region of the fistula is already greatly reduced, 
whereas the proximal artery does not return to normal for 2 or 3 weeks. The 
proximal artery is reduced in diameter below that of the normal intact contra- 
lateral artery while the proximal collateral arteries remain slightly larger than 
normal, thus indicating an increased blood flow around the obstructed area. The 
contraction of the collateral bed would seem to represent a recovery of normal 
vascular tone after elimination of the increased local blood flow, a primary myo- 
genic response. Reduction in blood volume probably plays no significant role. 

A marked regression of the collaterals occurred after fistuleectomy in every 
animal that had developed an extensive collateral bed. In the majority of the 
animals the collateral bed regressed to a level approximately equivalent to or 
only slightly greater than that developed by simple ligation of the artery. Exact 
comparison of the final collaterals was not aways easy, since slight differences 
in position of the two legs caused some variation in the appearance of the vascu- 
lar pattern. Nor could it be assumed that even under exactly similar cireum- 
stances identical collateral beds would be found in opposite legs of a normal ani- 
mal. Not infrequently there was some persistence of the increased collateral 
anastomosis in the region of the extensor muscles of the knee on the side of the 
fistulectomy. This, however, is a region in which the collaterals were usually not 
strongly developed. [Even when the final collateral bed on the side of the fis- 
tulectomy predominated, the more numerous, delicate, and tortuous vessels often 
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seemed matched by larger, although less numerous collaterals of the contra- 
lateral, ligated side. In a few instances the final collaterals appeared less de- 
veloped on the side of the fistulectomy. 

At the present time we are unable to state how long the regression con- 
tinues. Long-term studies have not been made. Certainly most of the regres- 
sion occurs within the first few weeks. The rapidity with which the regression 
takes place suggests the importance of mechanical factors associated with altered 
pressure and blood flow rather than the biologie factors of disuse or lack of need. 


CONCLUSION 


A marked regression occurs in the arterial collateral bed of experimental 
animals (dogs) following the excision of femoral arteriovenous fistulas. 
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DISCUSSION 


DR. DANIEL ELKIN.—We have approached this problem on a somewhat different 
basis, but at the same time along parallel lines. 

We have been interested in studying venous and arterial pressure in vessels distal and 
proximal to a fistula and in the region of the fistula, as well as the pressure changes which 
occur on opening and closing the communication. In general it was found that there was 
an abnormally high venous pressure in the immediate vicinity of the fistula. Proximal to the 
fistula this venous pressure was rapidly diminished and no increase in right auricular pressure 
could be demonstrated. The measurement of intra-arterial pressures in the distal artery re- 
vealed a rise in systolic and diastolic levels upon occlusion of the fistula. 

Blood flow in the extremities of animals was measured by means of an air plethysmo- 
graph using the method described by Eckstein. This plethysmograph consists of a metal 
boot adapted to the dog’s hindlimb. An airtight seal is effected and a blood pressure 
cuff is applied to the extremity just proximal to the boot. With inflation of the cuff, blood 
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is prevented from leaving the extremity and, therefore, an enlargement of the part results. 
This change in the volume of the leg is a measurement of blood flow, and is recorded by con- 
necting the boot with a recerding capsule. In a series of some 15 animals, repeated measure- 
ments were made prior to production of the fistula and at varying intervals following. 
Measurements taken with the fistula open revealed that the blood flow to the distal portion 
of the extremity was in many instances below normal. With occlusion of the fistula, the 
blood flow to the distal part of the extremity was increased from 40 to 210 per cent. This 
increase in blood flow had no definite relationship to elapsed time, although the greater in- 
creased flows were found in those animals with older lesions. In two instances the flow was 
less with the fistula occluded; however, in these two animals the fistula was of small size and 
had been greatly narrowed by fibrosis. 

These studies presented are concerned only with the critical period following oblitera- 
tion of the fistula, and are not to be confused with the regressive changes about which Dr. 
Bosher speaks. It is my belief that after excision of an arteriovenous fistula involving a 
major artery there is some regression in blood flow below normal levels, and that the circula- 
tion in the extremity is below normal if a major vessel, such as the popliteal or common 
femoral, has been interrupted. I do think, however, that later there is a definite increase 
in flow which remains over what it was with the fistula present, and is probably evidenced, 
as we have all seen in our clinical experience, with the healing of ulcers, the healing of 
wounds, and the general improvement in the appearance of the extremity. I believe that the 
ideal treatment of arteriovenous fistula would be repair of the artery, but this procedure is 
frequently impossible. Following excision of an arteriovenous fistula, and without sympathec- 
tomy, we have not had an instance of gangrene. 
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HAT profound physiologic alterations of the cardiovascular system may 

occur in the presence of an arteriovenous fistula is well known; these 
changes have been the subject of intensive experimental and, to a lesser extent, 
of clinical study. In extreme eases progressive cardiac dilatation and hyper- 
trophy may take place with eventual failure of the heart. Although numerous 
instances of cardiac enlargement in cases of arteriovenous fistulas have been 
recorded in the literature, they are in large part reports of individual cases 
or small groups and no really large series has been studied. Consequently, 
such conclusions as have been reached concerning this phenomenon in patients 
have been based more on clinical impressions than on statistical data. For this 
reason, it was felt desirable to present a detailed analysis of studies of heart 
size before and after operative obliteration of the fistula in a large group of 
patients. 

CLINICAL MATERIAL AND METHODS OF STUDY 


The patients studied were a group of 185 soldiers with traumatic arterio- 
venous fistulas, incurred in all but a few instances as the result of battle in- 
juries; all patients with fistulas in whom precise radiologic measurements of 
heart size were not available were excluded. Only one patient was a woman 
and most of the group, as will be pointed out shortly, were young adults. 

The series does not include any case in which organic heart disease was 
known to exist. Many of the patients who had roentgenologice evidence of con- 
siderable increase in cardiac frontal area complained of no symptoms referable 
to the heart. A number of them, however, had dyspnea on exertion, palpitation, 
or distressing sensation of pounding of the heart, especially when lying down. 
Only two instances of frank cardiac failure occurred, and in one of these the 
episode took place before our first examination was made. This patient had 
two traumatic fistulas, one involving the external iliae vessels, the other the 
hypogastric vessels. The severe dyspnea, orthopnea, and edema had dis- 
appeared after resection of the first fistula in a hospital overseas. Though he 
still had evidence of cardiac enlargement, he was relatively asymptomatic be- 
tween the first and second operations; excision of the hypogastric fistula brought 
about further decrease in heart size. The second patient, who had been de- 
veloping progressive increase in the cardiac frontal area, became extremely 
orthopneiec at the time of a Streptococcus viridans septicemia, due to infection 
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of the fistula, and a small pulmonary infarction. He was relieved of all symp- 
toms and underwent a return of heart size to normal after excision of the 
fistula.* 

Teleoroentgenograms were made in all patients, generally both before and 
after operation. The predicted and actual frontal areas of the cardiac silhouette 
were calculated according to the method of Ungeleider and Gubner,? the eal- 
culations of the predicted values being made according to the height and weight 
of the patients on admission to the hospital. 

Before operation, whenever the location of the fistula permitted it, several 
determinations were made of the blood pressure and pulse rate changes during 
temporary digital occlusion of the fistula. The precise findings at operation 
were recorded in each case; in most instances these observations included meas- 
urement or careful estimation of the size of the fistula. 


ANALYSIS OF DATA 


Age Distribution.—The patients were young adults ranging in age from 
19 to 46 years with an average age of 24.5 years. There was no essential differ- 
ence in the age of patients segregated into groups according to the location of 
the fistula (Table I). 

Regional Distribution of the Fistulas—One hundred thirty-one patients 
had fistulas between vessels in the lower extremities or pelvis (Table I). For 
purpose of analysis these were divided into four groups. There were 53 with 
fistulas of the common femoral or femoral vessels. In 36 the popliteal vessels 
were involved. In 9 there was a fistula of such vessels as the hypogastric, ob- 
turator, superior gluteal, or profunda femoral. In 33 the fistula involved 
vessels of the leg; in 23 of these the posterior tibial vessels were affected. In 
54 eases the fistula involved vessels of the head, neck, or upper extremity. For 
purpose of analysis these also were divided into 4 groups. There were 17 cases 
of fistulas of the subclavian or axillary vessels, 9 cases involving the brachial 
vessels, 14 cases involving the vertebral vessels or the common, internal, or ex- 
ternal carotid artery and the corresponding vein, and 14 instances of fistulas of 
other vessels of the head, neck, and upper extremity. 


TABLE I. LOCATION OF LESION AND AGE DISTRIBUTION 





























AGE (YR.) 
LOCATION OF FISTULA NUMBER OF CASES RANGE AVERAGE 
Pelvis and lower extremity 131 19-45 24 
Femoral 53 19-34 22.4 
Popliteal 36 19-45 25.8 
Profunda femoris, hypogastric, 9 20-27 22.9 
obturator, superior gluteal 
Vessels of leg 33 19-34 25 
Head, neck, and upper extremity 54 20-46 25.7 
Subclavian and axillary 17 20-41 22.7 
Brachial 9 21-35 26 
Carotid and vertebral 14 20-46 27 
Other vessels of head, neck and 14 20-34 27.7 
upper extremity* 
Total 185 19-46 24.5 





*This group includes fistulas of the ulnar, radial, posterior circumflex humeral, thoraco- 
acromial, subscapular, transverse cervical, occipital, and lingual vessels. 
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TABLE II. INTERVAL IN MONTHS BETWEEN INJURY AND PREOPERATIVE ROENTGENOGRAM, 
BETWEEN INJURY AND OPERATION, AND BETWEEN OPERATION AND 
POSTOPERATIVE ROENTGENOGRAM 
INTERVAL BETWEEN 
INTERVAL BETWEEN OPERATION AND 
INJURY AND LAST | INTERVAL BETWEEN FINAL POST- 
PREOPERATIVE INJURY AND OPERATIVE 
ROENTGENOGRAM OPERATION ROENTGENOGRAM 











LOCATION OF FISTULA RANGE MEAN RANGE MEAN | RANGE | MEAN 

Pelvis and lower extremity 0.8-26 | 4.8 0.3-20 | 1.6 

Femoral 12-19 | 4.4 0.3-20 2 

Popliteal 0.8-10.5 4.6 1.8-10.6 

Profunda femoral, hypogastric, ete. 4-30 

Vessels of leg 1.6-14 

Head, neck, and upper extremities 1-15 

Subclavian and axillary $ 

Brachial 

Carotid and vertebral 

Other vessels of head, neck, and 
upper extremities 

All 











~a~a Sr 
“10H 


~) 





© OO 


un 
ef | 
wo 


Sos9s09 


' 
DRE He hoe bo 
Cr 


— ~~ 


ihe | 

S @-~ 
Sok oo Or 
weal 





OU He Co He He He CO 


bo Oli 


2° 














on 
nN 
lo 
| 
#8) 


4.7. | 0.3-30 





Duration of the Fistula—The duration of the fistula at the time of the last 
preoperative roentgenogram varied widely, from 0.7 to 26 months, but there 
was remarkably little variation in the mean age of the fistula in the various 
groups (Table II). The fistulas of the lower extremity and pelvis averaged 
4.8 months in age, those of the upper extremity, head, and neck 4.5 months, and 
the entire group 4.7 months. All of the larger groups had mean values of from 
3 to 5 months; in 2 small groups the mean age of the fistulas was a little oreater. 
The interval of time elapsing between injury and operative cure of the fistula 
also varied widely, from 1 week to 30 months, but again there was little differ- 
enee in the average age of the fistulas in the various groups. In all the larger 
groups this value ranged from 4.4 to 5.7 months. The average age of the fistula 
at the time of surgery was 5.5 months in the case of lesions of the lower ex- 
tremities or pelvis, and 5.3 months in the ease of lesions of the head, neck, or 
upper extremity. Similarly, the time elapsing between the operation and the 

TABLE III. PROPORTIONATE DISTRIBUTION OF PREOPERATIVE MEASUREMENTS OF CARDIAC 


FRONTAL AREA 








NUMBER OF ACTUAL FRONTAL AREA 
LOCATION OF FISTULA CASES 126+ | 121+ | 116+ | 111+ | 106+ |85-105 





<85 

| 50 | 62 | 36. a 

Femoral os 28.2 | 48.7 | 53.8 | 74.3 | 84.5 
9a 6 | 





Pelvis and lower extremity 108 15.7 | 27.7 


Popliteal oe 15.1 | 27.2 | 36.5 | 51.4 | 66.5 
Profunda femoral, lhypo- j 0 0 | O 16.7 
gastric, ete. 
Vessels of leg ‘ 3.¢ 6.6 3.3 | 26.9 | 36.9 
Head, neck, and upper extrem- 2.2 | 11.1 1 | 29.2 | 38 
ity 
Subelavian and axillary ‘ 0 
Brachial 22.2 . | 
Carotid and vertebral 0 | 

















Other vessels of head, neck, | 12 ss 
and upper extremity 
~ Total | 153 11.8 | 23.9 | 31.4 











3.8 | 54.9 


*All actual measurements of cardiac frontal area are expressed in percentages of predicted 





value. 
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TABLE LV. PROPORTIONATE DISTRIBUTION OF POSTOPERATIVE MEASUREMENTS OF CARDIAC 
FRONTAL AREA* 








NUMBER OF ACTUAL FRONTAL AREA 
LOCATION OF FISTULA CASES 121+ | 116+ | 111+ | 106+ [85-105 

Pelvis and lower extremity “| 118 5.9 | 11 18.6 | 28 
Femoral 51 7 15.7 | 21.6 | 31.4 
Popliteal 31 9.7 | 25.8 | 32.3 
Profunda femoral, hypogastric, 8 0 0 11.5 
ete. 
Vessels of leg 28 


Head, neck, and upper extremity 
Subclavian and axillary 15 
Brachial 4 
Carotid and vertebral 11 
Other vessels of head, neck, and 13 

upper extremity 
Total 161 4.3 8.1 | 14.9 | 26.7 














of 


7.2 | 10.8 | 21.5 


4.6 | 23.3 
6.7 | 26.7 
25 
9.1 
.7 | 30.8 





cooco!|o 





























*All actual measurements of cardiac frontal area are expressed in percentages of predicted 
area. 


final roentgenogram varied from a few days to 8 months, but the mean value 
in all groups fell between 3 weeks and 2.2 months, that for lesions of the head, 
neck, and upper extremity being 1.5 months and that for lesions of the lower 
extremity and pelvis being 1.6 months. 


MEASUREMENTS OF THE CARDIAC FRONTAL AREA 


Records of preoperative measurements of cardiac frontal area were avail- 
able for study in 153 of the 185 eases of arteriovenous fistula, postoperative 


measurements in 161, and both pre- and postoperative measurements in 132 
(Tables IIT, IV, and V). 


Control Measurements.—No true control studies were carried out since the 
cardiae frontal area was not measured in a large series of soldiers without ar- 
teriovenous fistulas but otherwise similar in physical and nutritional state to 
those who form the basis of this study. For what value it might be, however, 


TABLE V. PROPORTIONATE DISTRIBUTION OF POSTOPERATIVE CHANGES IN CARDIAC FRONTAL 
AREA* 








NO ESSEN- 
TIAL 


NUMBER DECREASE* CHANGE* | INCREASE* 


LOCATION OF FISTULA OF CASES 16+ | 11+ 6+ +5 6+ 
Pelvis and lower extremity 99 28.3 | 44.4 | 63.6 32.3 
Femoral 38 44.7 | 52.6 | 78.9 18.4 6 
Popliteal 29 31 55.2 | 65.5 27.6 9 
Profunda femoral, hypo- 0 14.3 | 42.9 | 42.9 57.1 
gastric, ete. 
Vessels of leg 0 4 20 44 52 
Head, neck, and upper extrem-| 3: 9.1 | 18.2 | 30.3 | 42.4 54.5 
it 
‘Seideaton and axillary 20 30 40 40 60 
Brachial 0 0 25 25 50 
Carotid and vertebral 11.1 | 22.2 | 22.2 | 44.4 55.6 
Other vessels of head, neck, 0 10 30 50 50 
and upper extremity 
Total 132 9.8 | 25.8 | 40.8 | 58.3 37.8 












































*All changes are expressed in percentage change from preoperative values, 
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data derived from analysis of the final postoperative measurements of cardia: 
frontal area in 119 patients cured of arteriovenous fistulas in whom the pre 
operative’ measurements had not exceeded 115 per cent of the predicted valu 
are presented in Fig. 1. The cases omitted are those in which there was greai 
increase in heart size before operation, the cases in which it seemed most likely 
that hypertrophy as well as dilatation of the heart might have occurred and in 
which some degree of enlargement might have persisted after operation. It is 
evident that in this group of patients the values tended to center around the 
figure 95 per cent of the calculated predicted value. There were 74.8 per cent 
with actual values ranging from 85 to 105 per cent of the predicted, while in 


° CARDIAC FRONTAL AREA IN PER CENT OF PREDICTED 








70+ 


wo » ac ao 
= => Gc = 
t + 


cf 
peer 
SP] 
<— 
o>, 
iu. 
=o 
— 
= 
wer) 
wW 
ce 
ww) 
—— 


ro 
jm] 








_— 
& 





= 


(el-[116-1111-|106-|I01-| 96-| 91-/86-181-| 76-1 lover! 85-lUNDER 
12511201 1151 101105/100! 95/90! 85/80! {105 lios! as 


Fig. 1.—Distribution of measurements of cardiac frontal area (in terms of predicted area) 
after operative cure of arteriovenous fistula in 119 patients in whom the preoperative measure- 
ment had not exceeded 115 per cent of the predicted. Note that the majority of the values fall 
within the 85 to 105 per cent range. 








11.8 per cent values of less than 85 per cent and 13.4 per cent values greater 
than 105 per cent obtained. If, on the other hand, 100 per cent were used as 
the ‘‘normal’’ value a smaller number had values within plus or minus 10 per 
cent (69.7 per cent) and the remainder were less evenly distributed, only 5 
per cent having values in excess of 110 per cent while 25.2 per cent had values 
of less than 90 per cent of the predicted. 
COMPARISON OF PRE- AND POSTOPERATIVE MEASUREMENTS OF THE CARDIAC 
FRONTAL AREA 


In Tables III and IV and Figs. 2 and 3 are summarized the data regarding 
the final measurements of cardiac frontal area before and after operative 
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obliteration of the arteriovenous fistula. Before operation 54.9 per cent of th 
patients had actual values in excess of 105 per cent of the predicted, 43.8 pe 
cent in excess of 110 per cent, 31.4 in excess of 115 per cent, 23.9 in excess o 
120 per cent, and 11.8 per cent in excess of 125 per cent of the predicted. In 
contrast, postoperative values were in excess of 105 per cent of the predicted 
in only 26.7 per cent of the patients, in excess of 110 in only 14.9 per cent, in 
excess of 115 in only 8.1 per cent, and in excess of 120 per cent of the predicted 
in only 4.3 per cent. Before operation the values ranged from 85 to 105 per 
eent of the predicted in 41.8 per cent and were less than 85 per cent of the 
predicted in 3.3 per cent. After operation these values were 64.6 and 8.7 per 
cent, respectively. 


©POST OPERATIVE CHANGE IN HEART SIZE EXPRESSED IN PER CENT 
INCREASE AND DECREASE OF PREOPERATIVE VALUES 
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‘ig. 4.—Proportionate distribution of postoperative alteration in cardiac frontal area in 132 cases 
of arteriovenous fistula. 

In Table V and Fig. 4 the data are summarized with regard to the pereent- 
age change in heart size after operation compared to the preoperative measure- 
ments. There was no essential change in 37.8 per cent of cases, while in 3.8 per 
cent a slight increase in heart size was recorded. Nearly 60 per cent showed a 
reduction of 6 per cent or more, about 41 per cent a reduction of 11 per cent or 
more, about 26 per cent a decrease of 16 per cent or more, and about 10 per 
cent a decrease of 21 per cent or more. 


FACTORS POSSIBLY INFLUENCING PRE- AND POSTOPERATIVE CARDIAC 
MEASUREMENTS 

On comparing the pre- and postoperative values of cardiae frontal area in 

the various groups (Tables III and IV and Fig. 5) wide differences were im- 
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mediately apparent. In general, the patients with femoral and _ popliteal 
fistulas tended to have larger hearts before operation than those with fistulas 
in other locations. As a rule, cardiac enlargement was more common in patients 
with fistulas of the pelvis and lower extremities than in those with fistulas of 
the head, neck, and upper extremity. When these two groups are compared 
with regard to the degree of reduction in heart size after operation, the same 
difference is noted but to a slightly lesser degree (Table V and Fig. 5). 


ePREOPERATIVE CARDIAC FRONTAL | * POSTOPERATIVE DECREASE 
AREA IN PER CENT IN HEART SIZE IN PER CENT OF 
OF PREDICTED PREOPERATIVE VALUES 
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WB FISTULAS OF HEAD, NECK AND UPPER EXTREMITIES 


Fig. 5.—Comparative distribution of preoperative measurements of cardiac frontal area 
(in percentages of predicted values) and of postoperative decreases (percentages of preoperative 
values) in fistulas caudad and cephalad to the heart. The preoperative values for the fistulas of 
the pelvis and lower extremities caudad to the heart are based upon 108 cases and for the fistulas 
of the head, neck, and upper extremities cephalad to the heart upon 45 cases. The postoperative 
values are based, for the corresponding fistulas, upon 118 and 43 cases, respectively. 


In addition, there seemed to be a direct general relationship between the 
size of the fistula and the degree of cardiac enlargement. For example, the 
group with fistulas in the leg, which were generally small as compared with the 
femoral or popliteal fistulas, showed less eardiae enlargement than the group 
with femoral or popliteal lesions. In order to evaluate the factor of size of 
fistula more properly, the data on 67 patients with femoral and popliteal fistulas 
of known size were analyzed (Table VI); other factors such as duration of 
the lesion were similar in the two groups. It is evident that those with larger 
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TABLE VI. PROPORTIONATE DISTRIBUTION OF CARDIAC ENLARGEMENT IN RELATION TO SIZE « 
FISTULA IN CASES OF FEMORAL AND POPLITEAL FISTULAS* 








SIZE OF 
LOCATION OF NUMBER FISTULA 
FISTULA OF CASES (IN MM.) 26 121+ 116+ 


Popliteal 17 >8s 7.6 35.: 
Popliteal 14 <s | ¥ 14.: 
Femoral 23 >s 30. 52.2 
Femoral 13 <8 
Both 40 >8s 25. 45 
~ Both 27 <8 8.! 29.6 


*All measurements of cardic frontal area are expressed in percentage of predicted area. 
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fistulas tended to show more cardiac enlargement. If popliteal and femora! 
fistulas of roughly the same size are compared, it seems evident that the femora! 
fistulas were associated with more cardiac enlargement; the femoral arteries 
were the larger in diameter and the femoral fistulas were closer to the heart. 
Indeed, the increase in heart size was as great in the smaller femoral fistulas 
as in the larger popliteal fistulas. In Table VII are summarized data concern- 
ing preoperative heart size in subelavian and axillary, popliteal, and femora! 
fistulas of large size and of moderate duration. They suggest that the femoral 
fistulas tended to cause the greatest increase in ecardiae size and the subclavian 
and axillary fistulas the least. The femoral vessels were larger than the others; 
the popliteal and the axillary and subclavian vessels were roughly equal in size. 
The subelavian and axillary fistulas were closest to the heart; the popliteal! 
fistulas the most distant. 


TABLE VII. PROPORTIONATE DISTRIBUTION OF PREOPERATIVE CARDIAC FRONTAL AREA IN 
VARIOUSLY LOCATED FISTULAS 7 MILLIMETERS OR MORE IN DIAMETER AND 
oF FROM 3.1 To 6.5 MONTHS’ DURATION 

CARDIAC FRONTAL AREA®* 
< 105 | 106-115 116} 
NUMBER ‘ NUMBER | | NUMBER 
| 

| 

| 














LOCATION OF FISTULA OF CASES | PERCENT | OF CASES | PERCENT | OF CASES | PER CEN’ 
| _ 60 : ce Ae 


| 27.8 


-/.o 





9 


Subelavian and axillary 3 2 
Popliteal 
Femoral 1 | 5.6 

*Measurements of cardiac frontal area are expressed in percentages of predicted area. 





A ~ 36.4 
10 | 55.6 
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In Table VIII the relationship of the duration and size of the fistula to the 
preoperative cardiac frontal area is analyzed. With regard to the cases of 
popliteal fistula, in which the time element was essentially the same, the size of 
the heart could be correlated with the size of the fistula; smaller fistulas were 
associated with smaller heart size and larger fistulas with larger heart size. 
The eases of femoral fistula associated with the greatest increase in eardiae 
frontal area had larger fistulas of longer duration than those associated with 
less cardiac enlargement. When cases of popliteal and femoral fistulas of large 
size were studied with respect to the relationship of duration of the lesion and 
inerease in cardiae frontal area (Table IX) there seemed to exist a definite 
correlation, the cases with greatest increase in ecardiae frontal area having a 
larger proportion of cases of relatively long duration. 
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TABLE VIII. RELATIONSHIP OF DURATION AND SIZE OF FISTULA TO PREOPERATIVE 
SIZE OF HEART 








CARDIAC FRONTAL AREA 110% OF CARDIAC FRONTAL AREA 111% OF 
PREDICTED OR LESS PREDICTED OR MORE 
PER PER 
CENT CENT 
me OF OF 
AVERAGE| DURATION OF | cases AVERAGE| DURATION OF | casEs 
SIZE FISTULA oF 5 MO. SIZE FISTULA OF 5 MO. 
LOCATION |NUMBER| FISTULA| RANGE |AVERAGE| DURA- |NUMBER| FISTULA] RANGE |AVERAGE| DURA- 
OF OF (IN (IN (IN | TION OR OF (IN (IN (IN | TION OR 
FISTULA | CASES | MM.) MO.) MO.) MORE | CASES | MM.) | MO.) MO. ) MORE 
Popliteal 15 7.4 |1.6-10.5| 4.6 40 16 9.0 2-10 4.6 31.2 
2-8 | 4.0 12.5 28 9.2 | 16-19] 83 39.3 












































Femoral 8 6.7 


TABLE IX. RELATIONSHIP OF DURATION OF FISTULA TO PREOPERATIVE CARDIAC FRONTAL AREA 
IN CASES OF POPLITEAL AND FEMORAL FISTULAS OF LARGE SIZE 
(DIAMETER OF 7 MM.+) 








CARDIAC FRONTAL AREA 110% OF CARDIAC FRONTAL AREA 111% OF 
PREDICTED OR LESS PREDICTED OR MORE 


DURATION OF FISTULA (IN MO.) DURATION OF FISTULA (IN MO.) 

<2.5 2.6-4 | 4.1+ <2.5 2.6-4 4.1+ 
NUM- NUM- NUM- NUM- 
BER BER 
| PER OF PER OF PER OF PER 
CASES| CENT CASES| CENT | CASES| CENT 


30 : + 40 << 4 {33.3 7 158.4 
ot 33.3 14 |58.4 
28.6 : 3: 12 |353.3 21 |58.4 











NUM- NUM- | 

LOCATION; BER BER |} BER BER 

OF OF PER OF 

FISTULA | CASES] CENT | CASES, CENT 
Popliteal 3 

Femoral 1 25 : 5 0 
4 
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When more than one measurement of cardiac frontal area was made before 
operation, 11, or 28.2 per cent, showed an increase in heart size of more than 5 
per cent on the second examination, while in 4, or 10.3 per cent, there occurred 
a decrease, and in 24, or 61.5 per cent, no essential change occurred (Table X). 
It may be significant that an increase in heart size was noted on the second 
examination in 8 of the 14 instances in which the interval between the two exam- 
inations was 6 weeks or more. When more than one measurement of cardiac 
frontal area was made after operation (Table XI) 6, or 25 per cent, showed a 
decrease of more than 5 per cent on the last examination, 1, or 4.2 per cent, 
an increase, while in 17, or 70.8 per cent, no essential change was noted. In 
nearly two-thirds the interval between the two examinations was 1 month or 
more. 

In Fig. 6 the heart size is correlated with pulse and blood pressure response 
to temporary occlusion of the fistula. Only from 20 to 30 per cent of those 
with minimal or moderate response showed marked ecardiae enlargement, while 
from 26 to 32 per cent showed lesser degrees of cardiac enlargement. On the 
other hand, in those cases with marked pulse and pressure changes during oc- 
clusion, from 47 to 61 per cent showed rather marked cardiae enlargement and 
an additional 19 to 23 per cent showed a slight or moderate increase in heart 


size. 
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eRESPONSE TO OCCLUSION OF FISTULA 
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40 + (PER MINUTE) 
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a val 8.7 MOD.- || - 20 
0+ MAX.-21 OR MORE 
60-4 - INCREASE 
442 42.1 | p A ; SSURE 
40+ 
06, 299 296 206 
16.7 20. MIN.-Smm. OR LESS 
ae A MOD. 6-10 
=< 0t MAX.-11 OR MORE 
ue 693 | INCREASE 
S 07 m2 0.6 DIASTOLIC 
= 40 + 32. PRESSURE 
~ 4 20.8 23.7 22.7 | 222 194 MM |MIN.-7nm.OR LESS 
~iaeal| A I MOD- 8-5 
~ OF MAX.-16 OR MORE 
1 DECREASE 
607 a: 414 PULSE 
40+ 23 321 op¢ vg | 316 PRESSURE 
9.2 oS. al. MIN.-Smm.OR LESS 
val ZA t MOD- 6-10 
0+ MAX. II OR MORE 





CJ HEART SIZE 105% OF PREDICTED OR LESS 
HEART SIZE 106%- 115% OF PREDICTED 
GM HEART SIZE 116% OF PREDICTED OR MORE 


Fig. 6.—Comparative measurements of cardiac frontal area (in percentage of predicted 
value) in 145 cases of arteriovenous fistula in relation to magnitude of response of pulse and 
blood pressure to temporary occlusion of the fistula. 
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TABLE X. COMPARISON OF CARDIAC FRONTAL AREA IN CASES IN WHICH MorRE THAN ONE 
MEASUREMENT WAS MADE BEFORE OPERATION 






































FIRST EXAMINATION LAST EXAMINATION 
SIZE OF SIZE OF 
DURATION HEART DURATION HEART 
SIZE OF OF (IN PER OF (IN PER 
LOCATION OF FISTULA FISTULA CENT OF FISTULA CENT OF 
FISTULA (IN MM.) (IN MO.) PREDICTED ) (IN MO.) PREDICTED ) 
Femoral 10 L.7 100 3.2 126 
Femoral 5 2.8 123 3.2 123 
Femoral 9 3.0 81 4.0 114 
Femoral 9 1.0 110 2.0 110 
Femoral 7 2.4 124 3.6 124 
Femoral 15 9.2 102 12.0 122 
Femoral 8 5.6 118 6.5 118 
Femoral 8 3.7 118 4.7 110 
Femoral 10 3.0 114 4.5 114 
Femoral 6 3.0 126 4.0 126 
Femoral 6 3.5 106 7.0 127 
Femoral 10 2.0 111] 6.0 111 
Femoral 10 3.0 104 4.0 124 
Femoral 12 3.0 121 4.3 121 
Popliteal 8 LS 105 3 116 
Popliteal 5 5.0 95 6 108 
Popliteal 10 2.7 127 3.7 127 
Popliteal 5 4.0 108 5.8 108 
Popliteal 7 1.4 93 2.5 93 
Popliteal - 4 114 5.8 110 
Popliteal - 4 119 4.8 121 
Popliteal 10 3.5 125 4.5 125 
Popliteal 5 4.2 110 6.4 130 
Popliteal 10 6.4 132 8 132 
Popliteal 10 at 105 4.6 112 
Popliteal 10 2.7 113 4.0 102 
Popliteal 15 3.4 125 4.4 125 
Profunda 4 5.0 92 6.0 92 
Femoral 
Sup. gluteal 5 5.3 100 6.3 92 
Obturator 5 3.0 116 5.0 107 
Geniculate 5 5 103 6.0 103 
Post. tibial 5 2.3 101 4.0 97 
Post. tibial 5 1.8 97 2.7 97 
Post. tibial 5 25 84 35 90 
Post. tibial -- 3.2 90 4.5 90 
Subclavian 10 Ie | 97 4.5 100 
Axillary - 3 88 3.8 90 
TInt. carotid - Ei 94 115 
Ulnar _ 7 107 15 118 
DISCUSSION 


Although it is well recognized that arteriovenous fistulas are likely to cause 
an inerease in cardiac output, enlargement of the heart, and in certain instances 
failure, this potentiality in patients with fistulas has been generally appreciated 
only during the last quarter of a century. Concerning this matter Reid* wrote 
in 1925, ‘‘. . . it has taken the profession a long time to establish a cause and 
effect between arteriovenous fistulas, in vessels smaller than the aorta, and the 
cardiac disturbances they produce. So often we remain blind to the insidious 
conditions that shorten the duration of human lives. Although Osler for years 
followed two cases of arteriovenous aneurysms (one axillary, the other femoral) 
in which the patients died from cardiae disease at the early ages of 29 and 46, 
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TABLE XI. COMPARISON OF CARDIAC FRONTAL AREA IN CASES IN WHICH MORE THAN ONE 
MEASUREMENT WAS MADE AFTER OPERATION 




















FIRST EXAMINATION SECOND EXAMINATION 
INTERVAL INTERVAL 
AFTER OPER-| CHANGE IN HEART |AFTER OPER-| CHANGE IN HEART 
LOCATION OF ATION (IN |SIZE FROM PREOPERA-| ATION (IN |SIZE FROM PREOPERA 
FISTULA MO. ) TIVE VALUE MO.) TIVE VALUE 

Femoral 0.16 12% decrease 6.0 19% decrease 
Femoral 0.5 21% decrease 2.2 21% decrease 
Femoral 3 4% increase 3.7 4% increase 
Femoral 0.5 14% decrease 3.5 16% decrease 
Femoral 0.3 12% decrease 4.7 17% decrease 
Femoral 1.0 - 4.7 16% decrease 
Femoral 0.4 8% decrease 2.3 | 16% decrease 
Femoral 0.3 30% decrease 2.8 30% decrease 
Popliteal 1.5 21% decrease 2.5 16% decrease 
Popliteal 1.3 12% decrease 4.0 | 12% decrease 
Popliteal 1.0 15% decrease 2.6 15% decrease 
Popliteal 0.4 4% decrease 7.0 4% decrease 
Popliteal 0.4 13% decrease 8.0 13% decrease 
Post tibial 0.7 16% decrease 1.6 16% decrease 
Post tibial 0.3 = 0.8 9% decrease 
Geniculate 0.5 2% decrease 13 6% decrease 
Subelavian 1.5 _ 3.0 1% decrease 
Subclavian 1.0 4% decrease 1.5 - 

Axillary 0.4 ~ 1.0 - 

Axillary 0.7 4% decrease 4.0 20% decrease 
Brachial 0.5 16% increase 1.5 8% increase 
Ulnar 0.2 24% increase 2 24% increase 
Ulnar 1.0 13% decrease 1.6 13% decrease 
Subseapular 0.1 8% decrease 1.0 20% decrease 

















he was never, unless possibly shortly before his death, convinced of the causal 
relationship existing between the two conditions; and for a long time he coun- 
selled against operations on arteriovenous aneurysms.’’ In his ‘‘Remarks on 
Arteriovenous Aneurysm,’’* Osler had stated, ‘‘We all agree, I think, with the 
conclusion arrived at by Subbotich, senior surgeon of the Belgrade State Hos- 
pital, from his experience in the Balkan War, ‘That arteriovenous aneurysms 
should be operated upon, as they offer small prospect of spontaneous cure, al- 
though they often remain stationary for a long time and cause relatively little 
trouble’.’’ Yet he must have been lukewarm regarding this point, to say the 
least, since in reference to one patient he said, ‘‘The tumor had increased, and 
the question was whether it was safe to leave him alone. This was the policy 
I urged strongly. Twice he narrowly escaped operation.’’** In enumerating 
the end results in fistulas he did not mention at all the possibility of cardiac 
strain and failure. Later in the same paper he did state that ‘‘remote effects 
on the general circulation are rare, particularly in aneurysms of the vessels 
of the head and arms. One of my patients (Case 3) died from heart disease 
which may have had some connection with his long-standing lesion.’’ I feel 
confident that Reid referred to Osler’s opinion in the same light as I, as an 
expression of the best medical opinion of the time by its acknowledged leader. 

Through the writings of Matas,® Reid,? Holman,® and others the profound 
effects of arteriovenous fistulas upon the heart were forcefully pointed out in 


*The italics are our own. 
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the twenties, based upon limited clinical observations but supported by the im- 
portant experimental contributions of such men as Reid’ and Holman.’ A 
number of instances of cardiac enlargement and of failure of the heart have 
been reported, especially in the past twenty-five years. Though most of the 
instanees of frank heart failure have been in long-standing cases of large arterio- 
venous fistulas, a number of cases have been recorded in which failure occurred 
very soon, for example, the remarkable case of Mason,® in which failure was 
present within a few weeks of the onset of a traumatic subclavian fistula. 


With regard to the incidence of cardiac enlargement in patients with 
arteriovenous fistulas there is little information in the literature. Holman 
noted that although cardiac dilatation and hypertrophy had been recorded as 
present in only 4 per cent of the 447 cases collected by Callander, such changes 
were found in 28 per cent of the 21 cases he reviewed from the Johns Hopkins 
Hospital. Pendergrass’? examined 32 patients whose fistulas were obliterated 
by surgical means and found that 27 (84.3 per cent) showed an average de- 
crease in cardiac diameter of 1.18 em., while one patient showed an increase 
and 4 (12.5 per cent) no change. In the present study the cardiac frontal area 
in a fairly large series of patients with arteriovenous fistulas has been analyzed. 


The method proposed by Ungeleider and Gubner? was utilized for meas- 
uring the heart size; this method has proved as reliable as any for estimating 
heart size. In caleulating the predicted frontal area the height and weight of 
the patient upon admission were employed, and the values so caleulated were 
used in each patient for determining the per cent of the predicted value in all 
subsequent examinations. Had the predicted value been re-caleulated at each 
examination from the height and weight of the patient at that time, succeed- 
ing examinations would have revealed an apparent decrease in the per cent of 
the predicted area in the majority of instances if no change had actually oc- 
curred, since most of the patients gained weight after admission and, according 
to the tables for estimation, the predicted frontal area for a patient of any 
given height increases as the weight increases. 

It is unfortunate that no ‘‘normal’’ values in a similar group of young 
soldiers without fistula in a comparable state of nutrition were available for 
study. The tables used for determination of the norma] predicted area are 
based upon 100 per cent as normal, and it has been generally accepted that 
values are abnormal if they differ from the predicted by 10 per cent. In look- 
ing over the values obtained in our patients after operation, it appeared that 
they included a great many which would thus be considered less than normal 
in size. We therefore analyzed these values, excluding those with marked pre- 
operative enlargement—cases in which eardiae hypertrophy might conceivably 
have occurred and in which a return to normal might not take place after 
operation. We found, indeed, that they did tend to center around the figure 
95 per cent of the predicted area rather than around the value 100 per cent of 
the predicted. Those which were without the limits plus or minus 10 per cent 
of this control value were evenly distributed, about one-half of them exceeding 
and one-half being less than these values. Though such a study does not con- 
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stitute satisfactory normal control observations, it does lend some additional! 
meaning to the enlargement of the heart so commonly noted in the subjects 
with arteriovenous communications. 

Our studies reveal conclusively that demonstrable evidence of enlargement 
of the heart was present in about one-half of a group of young subjects with 
peripheral arteriovenous fistulas of relatively short duration, few of whom had 
symptoms of cardiac strain and who, for all practical purposes, had no evidence 
of cardiac failure. This fact was confirmed by evidence of measurable reduc- 
tion in cardiac size after operation in a comparable percentage. 


Further analysis of these data tend to confirm some opinions held concern- 
ing factors which influence the development of cardiac enlargement in the pres- 
ence of an arteriovenous fistula, opinions based largely upon experimental work 
but supplemented in part by clinical observations. In the first place, it is evi- 
dent that a definite relationship existed between the size of the fistula and the 
degree of cardiac enlargement, particularly with reference to fistulas of vessels 
of the pelvis and lower extremities. In the second place, they demonstrate 
that there was a relationship between the age of the fistula and the cardiac 
enlargement. When other variable factors were controlled by proper sampling 
of cases of femoral and popliteal fistulas, cardiac enlargement appeared to vary 
directly with the duration of the lesion. When two or more roentgenograms 
were made in any given case at intervals of six weeks or more before operation, 
more than one-half showed demonstrable increase in heart size on the last 
examination. 

It has often been stated that the distance of the fistula from the heart is 
an important factor in the resultant increase in cardiac size, greater changes 
tending to occur the nearer the fistula to the heart. The conclusions reached 
from some of the experimental work offered in support of this thesis can per- 
haps be challenged in part because of failure to take into consideration the size 
of the artery in communication with the vein, arteries of successively larger 
caliber having generally been used the closer to the heart the fistula was made. 
It is apparent, for example, that if the diameter of the fistula exceeds that of 
the parent artery, the blood flow through the fistula will be limited in part 
by the size of the parent artery. Our data on change in heart size in femoral 
and popliteal fistulas would tend to support the view that the nearer the fistula 
to the heart the greater is the tendency to early cardiac enlargement. It is felt, 
however, that here again too much importance cannot be attached to this rela- 
tionship since the caliber of the vessels may perhaps also have been a factor. 
It would seem highly desirable to inquire further into this matter by controlled 
experimentation. 

Our clinical observations demonstrated that at least one other factor was 
more important than the proximity of the fistula to the heart, namely, the 
location of the fistula with respect to whether it was cephalad or caudad to the 
heart. It was clear that the incidence and degree of cardiac enlargement or the 
rapidity with which enlargement took place was less in those patients with 
fistulas of the head, neck, and upper extremities than in those with fistulas of 
the pelvis and lower extremities. It is of considerable interest that several 
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authors have stated that such changes were less likely to oceur in patients with 
fistulas of the head, neck, and upper extremities in spite of the limited number 
of observations available to them. As we have previously mentioned, Osler who 
was not impressed, to say the least, with the important relationship between 
arteriovenous fistulas and ecardiae strain stated that remote effects upon the 
general circulation were rare ‘‘particularly in aneurysms of the vessels of the 
head and arms.’’ Our study did not provide us with an adequate explanation 
for these interesting observations. The theories which can be postulated to 
explain them lend themselves to experimental confirmation or refutation; such 
experiments are being initiated and give promise of providing an adequate 
explanation for this curious phenomenon. 

The studies presented demonstrate that when there is a marked change in 
pulse or blood pressure upon temporary occlusion of the fistula there is likely to 
be early significant increase in heart size. They show that without other in- 
formation one can gain some idea of the likelihood of early cardiac enlargement 
from the location of the fistula alone. Though considerable increase in heart 
size may occur relatively soon after the development of an arteriovenous fistula 
of any reasonably large vessels in any portion of the body, such a change is 
particularly likely to take place in patients with fistulas involving the great ves- 
sels caudad to the heart. 


SUMMARY AND CONCLUSIONS 


A series of young soldiers with peripheral arteriovenous fistulas of rela- 
tively short duration has been analyzed with respect to enlargement of the 
heart. Cardiae enlargement was noted in a large number before operative ex- 
cision of the fistula and reduction in heart size occurred in a comparable num- 
ber after operation. It appeared that the location of the fistula with respect to 
whether it were caudad or cephalad to the heart, the size of the artery involved, 
the size and age of the fistula, and the magnitude of the pulse and blood pres- 
sure response to temporary occlusion of the fistula could be correlated with 
the tendency to early development of cardiac enlargement. 
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DISCUSSION 


DR. HOLMAN.—Any other discussion? I would like to ask Dr. Shumacker how he i: 
going to study the effect of gravity in his experimental work. 

DR. SHUMACKER.—I agree with the discussors that it is certainly true that the direct- 
ness of the venous return is very important. We have had experimental animals in which 
simple ligation of the proximal vein has reduced the cardiac output to one-half the level 
that previously existed in spite of persistence of the thrill and murmur. 

We are using at the present time the interposition of a rotometer in the proximal 
vein as a measure of the blood flow from the limb in which the fistula is placed. One of 
the first animals that we studied happened to be one which maintained a perfectly even 
blood pressure in a horizontal position, with the head elevated, and with the head down. 
In that animal, the flow of blood from the limb was about 50 per cent greater when the 
limb was dependent than it was when the animal was horizontal, and about 50 per cent 
less when the limb was elevated than when it was in the horizontal position. 

Most of our animals have had such marked changes in blood pressure, whether they 
were normally enervated or whether we had done bilateral carotid sinus denervation, it has 
been difficult to interpret the results. Recently, we have maintained a constant central blood 
pressure by placing a plastic cannula down the carotid into the arch of the aorta and by either 
withdrawing or giving blood through it as needed. If the central pressure is kept constant, 
the femoral pressure in the normal leg is greater than the central pressure when the limb is 
dependent, and it appears that the flow of blood from the fistulous limb is greater. When 
the limbs are elevated, the femoral pressure in the normal limb is less than the central 
pressure and the flow of blood seems to be less from the fistulous limb. 

Using this method there are a number of other interesting things that are coming to 
light. We can show, quite definitely, that distal vein ligation increases the blood flow from 
the fistula into the proximal vein. I believe the same is true of distal arterial ligation. The 
blood flow is increased a great deal, if the limb is sympathetically denervated. A number 


of other interesting problems have arisen with which I have had too little experience to permit 


discussion. 
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HE use of vein grafts to replace arterial defects was first explored by 

Carrel and his associates nearly fifty years ago. ? Some dilatation and 
thickening of the grafts were observed within two weeks. Further thicken- 
ing occurred during ensuing months and the grafts were said to take on the 
appearance of arteries. Microscopically the thickening was found to be due 
to an increase of fibrous tissue in the middle coat and in the inner layer of the 
outer coat of the grafts. These observations were confirmed by Watts® and 
further extended by Carrel* and Guthrie.° Although some dilatation of the 
grafts uniformly occurred, it was thought to be limited by the increase of 
fibrous tissue in the vein wall.° Before the beginning of World War I vein 
grafting had been successfully performed both experimentally and clin- 
ically.”.* It was rarely attempted in battle wounds, however, because of the 
difficulties under which war surgery was done and the fear of infection.? Dur- 
ing World War II Blakemore, Lord, and Stefko’® proposed their nonsuture 
method of vein grafting, a modification of the technique originally described 
by Payr™ and Hopfner.’? This method was available for use in only a few 
patients in the Armed Forces and the results, unfortunately, were less satis- 
factory than had been hoped for.** 

Despite the indifferent success in emergency military surgery, the use of 
vein grafting may offer the solution to a difficult problem when the civilian 
surgeon is confronted with a defect of a critical artery. The recent use of 
vein grafts by Blakemore” in reconstructive aneurysmorrhaphy and by Fon- 
taine? in arteriosclerosis obliterans has extended their field of usefulness in 
elective surgery. 

Interest in the use of stored arterial isografts, first extensively studied 
by Carrel'® from 1907-1910, has been revived by Gross, Hurwitt, Bill, and 
Peiree,’™* whose early clinical results have been encouraging. Carrel had 
success with 75 to 80 per cent of his animal grafts while Gross and his co- 
workers?” reported thrombosis of one and intimal sclerosis in another of 
seventeen dog aortic isografts, using a somewhat different solution for storage. 
The use of smaller arteries by Carrel (carotids in dogs) may have accounted 
for most of his failures. If stored artery isografts prove to function satis- 
factorily, without serious degenerative changes occurring as a result of tissue 
incompatibility, it may be that they will prove to be preferable to vein grafts. 

Read at the third annual meeting of the Society for Vascular Surgery, Atlantic City, N. J., 
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The great advantage of vein grafts over artery grafts is that a suitable 
vein can be removed from the patient being operated upon, without serious 
risk of circulatory insufficiency, whereas an artery of a size suitable for graft- 
ing cannot be removed safely. An artery graft must, therefore, have been se- 
cured in advance and properly stored. The difficulty of supply thus prevents 
the use of an artery graft except upon prearranged occasions or in conjune- 
tion with a constantly maintained artery bank. 

Despite the experimental and clinical experience cited here, certain doubts 
existed in our minds concerning possible morphologic and functional altera- 
tions which might make vein grafts undesirable for clinical use. We were dis- 
turbed, for example, by the observation of Rose, Hess, and Welch'® that the 
arterial pressure appeared to be reduced in passing through a vein graft, and 
by the occurrence of a false aneurysm in one of four vein grafts reported by 
Murray.'® Certain laboratory experiments were therefore undertaken and 
are herein deseribed. In addition, two instances are reported of patients with 
the tetralogy of Fallot in whom vein grafts were used to bridge a defect be- 
tween the subclavian artery and the pulmonary artery. The use of a vein 
graft for this purpose has not previously been reported, to our knowledge. 


EXPERIMENTAL STUDIES 


Seventeen healthy mongrel dogs were selected for the experiments. Under 
intravenous sodium pentobarbital* anesthesia, a right transverse abdominal in- 
cision was made and the inferior vena cava was exposed retroperitoneally. A 
segment of the vena cava from 1.0 to 4.6 em. in length, between the renal and 
iliae veins, was excised and the lumbar veins and proximal and distal ends 
of the vena cava were ligated with silk. A segment of the adjacent abdominal 
aorta was then excised and replaced by the vena cava graft, using the Carrel 
suture technique with 00000 silk. Transient mild swelling of the hindlimbs 
was observed in some animals but paralysis did not occur in any. Five dogs 
died during the postoperative period as the result of excessive anesthesia or 
respiratory complications but in none of the animals was there evidence of 
leakage or of thrombosis of the graft at autopsy or when sacrificed. 

Femoral artery pulse pressure tracings were made with the manometer of 
Peterson, Risman, and Dripps®® immediately before operation, immediately 
after operation, and at three, six, and fourteen months postoperatively. All 
tracings were taken under sodium pentobarbital anesthesia. At the primary 
operation, or at a secondary operation performed up to fourteen months later, 
the following additional studies were made: (a) gross observations of the 
appearance and function of the grafts and (b) aortography, with 70 per cent 
Diodrast injected proximal to the grafts. The animals were then sacrificed. 
The grafts were removed, stained with hematoxylin and eosin and Weigerts’ 
elastic stain, and examined histologically. 

The diameter of the vena cava grafts was greater than that of the ab- 
dominal aorta in all instances. When the aortic clamps were removed the 


*Veterinary nembutal (pentobarbital Na), Abbott Laboratories, North Chicago, Ill. Each 
cubic centimeter contains 1.0 gr. of nembutal. The dosage used was 0.4 c.c. per kilogram of 


body weight. 
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grafts appeared, therefore, to be dilated (Fig. 1). In some animals the ap- 
parent dilatation was greater than in the instance shown. It was our impres- 
sion at the secondary operation, from thirteen days to fourteen months later, 


Fig. 1. 
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Fig. 1.—Photograph made immediately after insertion of a 3.6 cm. vein graft in the ab- 
dominal aorta of a dog. 

Fig. 2.—A 4.2 cm. vein graft in the abdominal aorta of a dog fourteen months after 
operation. 
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that there was a slight increase in the diameter of the longer grafts but not 
of the shorter grafts. There was no evidence of aneurysmal] dilatation and all 
grafts functioned well. The characteristic appearance of a 4.0 em. graft after 
fourteen months is shown in Fig. 2. The dilated appearance of the graft in 
Fig. 1 is shown by aortography in Fig. 3. The greatest dilatation observed 
is shown in an aortogram of another animal at fourteen months (Fig. 4). 
Serial aortograms in the same animal were not done. 


Fig. 3. 


Fig. 4. 

Fig. 3.—An aortogram of the vein graft shown in Fig. 1 before the dog was sacrificed. 
'HH( f= anne 
Following removal of the grafts, the thickening of the graft wall was 
apparent on gross examination. Except for thickening, however, the grafts 
did not have the gross appearance of arteries (Figs. 5 and 6). The progressive 
thickening of the graft walls may be seen in sections examined without mag- 
nification (Fig. 7) and in photomicrographs (Fig. 8). On microscopic exam- 
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ination, a progressive increase of fibrous tissue in all layers of the graft wall 
characteristically occurred. The thickening of the individual layers varied 
in different grafts and in different portions of the same graft. At thirteen 
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Fig. 5.—The vein graft shown by aortography in Fig. 4. This was the greatest dilatation of any 
graft in the series. It did not suggest an aneurysm (length 4 cm). 
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Fig. 6.—In the short vein grafts there was little or no evidence of dilatation. 
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days a cellular fibroplasia was observed (Fig. 8, B). During ensuing months 
the fibrous tissue became denser and more acellular (Fig. 8, C and D). In some 
instances smooth muscle fibers, sometimes in considerable amounts, were seen 
in the intima. Hyaline intimal plaques occurred at the site of anastomosis.’ 





Fig. 7.—Microscopic sections shown without magnification. A bit of the aortic wall is 
present in each end of the grafts in all instances. The progressive thickening of the vein graft 
wall is apparent. A, Immediate; B, thirteen days; C, six months; D, fourteen months. 


Femoral artery pulse pressure tracings taken immediately before and 
after operation and at six and fourteen months after operation are shown in 
Fig. 9. The apparent alterations in the immediate postoperative tracing are 
interpreted} as being within the limits expected as the result of the side et- 


*We are indebted to Dr. Robert C. Horn, Associate Professor of Surgical Pathology, for 
examining and describing the microscopic sections. 
+By Professor H. C. Bazett and L. H. Peterson of the Department of Physiology. 
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fects of the operative procedure. It appears certain that there were no sig- 
nificant differences between pulse pressure tracings taken before operation 
and tracings taken in the same animals from three to fourteen months after 
insertion of the vena cava grafts. 


A. B. Cc. 


Fig. 8.—Photomicrographs of the vein grafts shown in Fig. 7 (X95). A, Immediately; B, thir- 
teen days postoperatively ; @, six months postoperatively ; D, fourteen months postoperatively. 


CLINICAL EXPERIENCE 

The following case reports deseribe two patients with the tetralogy of 

Fallot in whom the subclavian artery could not ke approximated to the pul- 

monary artery for an end-to-side or end-to-end anastomosis. <A superficial 
femoral vein graft was used to bridge the defect in both instances. 


CASE REPORTS 


CaAsE 1.—F. M., a 14-year-old boy, was admitted to the Hospital of the University of 
Pennsylvania on April 1, 1948, with a history of dyspnea and cyanosis since birth. The hemo- 
globin was 159 per cent and the hematocrit was 82 per cent. All studies were consistent with 
a diagnosis of the tetralogy of Fallot. The aortic arch was on the left. At operation on 
April 12, 1948, the right subclavian artery, after division just proximal to its branches, was 
found to be too short by at least 3.0 em. for anastomosis to the right pulmonary artery. A 
4.5 em. graft was taken from the right superficial femoral vein and sutured between the end 
of the right subclavian and the side of the right pulmonary artery, using the Carrel tech- 
nique with 00000 silk. Following release of the clamp a strong thrill was palpable. After 
operation the patient’s color was greatly improved and his progress was satisfactory until 
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the fifth postoperative day, when he suddenly died. At post-mortem examination a large 
embolus was found obstructing the stenotic pulmonary valve and infundibulum. The vaseu 
lar anastomoses were intact and the vein graft appeared to have been functioning well. 


CASE 2.—R. L., a 21-year-old man, was first admitted to the Hospital of the University 
of Pennsylvania on Dec, 29, 1947. He had been cyanotic since birth. His activity had al- 
ways been greatly limited and he could not walk more than a few feet without dyspnea. He 
was mentally retarded. All studies, including. cardiac catheterization, were compatible with a 
diagnosis of the tetralogy of Fallot. The arterial oxygen saturation was 75 per cent, the 
hemoglobin 146 per cent, and the hematocrit 76 per cent. The aortic arch was on the left. 


a Ss Ss Se a se 





Fig. 9.—Representative pulse pressure tracings from the femoral artery of a dog in which a vein 
graft had been placed in the abdominal aorta. 


On Jan. 16, 1948, exploration was done on the left side of the chest. The aortic arch 
was unusually high and had an ‘‘uncoiled’’ appearance. The left subclavian artery was only 
1 inch long and could not be approximated to the left pulmonary artery for an end-to-side 
or end-to-end anastomosis. The left pulmonary artery could not be brought into apposition 
with the descending thoracic aorta, which was somewhat lateral to its usual position, without 
a great deal of tension. The attempt to establish a left to right shunt was therefore aban- 
doned. The postoperative course was uneventful, and the patient was discharged on Jan. 30, 
1948, 

Encouraged by the success of the vein graft in Case 1, we readmitted this patient to 
the hospital, and on May 19, 1948, the second operation was performed, this time on the 
right, in order to avoid dissection of the scar tissue which was caused by the first operation 
on the left. The right subclavian artery was also very short and could not be approximated 
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to the right pulmonary artery. The defect was bridged by a superficial femoral vein graft, 
4.0 em. long (Fig. 10). During the postoperative period there was a great improvement in 
the patient’s color. When the patient was last seen, one year after operation, the arterial 
oxygen saturation was 94 per cent; a loud continuous murmur was heard to the right of the 


sternum, and he stated that he could walk five miles without dyspnea. 


L. pulmonary a. 
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Fig. 10.—Diagram of the situation of the superficial femoral vein graft between the right sub- 
clavian and pulmonary arteries in performing the Blalock operation for the tetralogy of Fallot. 


R.carotida. L.carotid a. 
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COMMENT 


The experiments described have increased our confidence in the use of 
vein grafts. From the functional standpoint, there were no demonstrable 
changes in circulatory dynamies and, using vessels of the size of the dog’s 
aorta and inferior vena cava, without anticoagulants, thrombosis did not oc- 
cur. From the morphologic standpoint, the increase of fibrous tissue in the 
graft wall resulted in a structure which, grossly and microscopically, appeared 
to have considerable strength. Although some dilatation of the longer grafts 
occurred, there was no evidence, up to fourteen months, that aneurysm forma- 


tion was oceurring. 


SUMMARY 


1. Inferior vena cava grafts were used to bridge defects of the abdominal 
aorta in dogs and were studied, morphologically and functionally, for fourteen 
months postoperatively. 
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2. Some dilatation of the grafts usually occurred but there was no evi- 
dence of aneurysm formation. 

3. Progressive thickening of the graft walls was observed. Histologically, 
this was found to be due to an increase of fibrous tissue in all layers of the 
graft wall. 

4. The grafts appeared to function well in all instances when observed at 
a secondary: operation prior to sacrifice. 

5. No changes in circulatory dynamics were demonstrable in femoral 


artery pulse pressure tracings up to fourteen months. 

6. In two patients with the tetralogy of Fallot superficial femoral vein 
grafts were used to bridge a defect between the subclavian artery and the 
pulmonary artery. One patient died on the fifth day postoperatively from 
pulmonary embolism while the other has had an excellent functional result. 
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DISCUSSION 

DR. ROBERT GROSS.—For a period of several years we have been interested in study- 
ing the effects of transferring large arteries from one animal to another. Our fellows, Dr. 
Peirce, Dr. Rheinlander, and Dr. Bill have transferred aortic segments from one dog to an- 
other, in a series of more than 200 experiments. 

Some of these grafts were fresh; others were preserved in various ways. 
marize all of this material here, but we can quickly say that many of the methods of preserva- 
tion are unsatisfactory. There are, however, methods of preserving grafts for periods of up 
to six weeks so that they can be transferred from one animal to another with a high degree 


I cannot sum- 


of success. 

With this laboratory background, we felt justified in trying some grafts from one hu- 
man being to another; in sixteen patients various gaps in large vessels of the arterial system 
within the chest have been bridged by the use of preserved material which had been obtained 
from people who had died in acidents. Three of these patients died within a few days from 
totally unrelated causes. The remaining patients are alive for periods of several months to as 
long as one and one-half years. To the present, all of these grafts have remained open as far 
as we can tell. We feel justified in saying that for the periods of observation (up to one 
and one-half years) these grafts apparently act as very effective channels. What is going to 
happen over a longer span of time is unknown. 

I think this is a very valuable contribution which Dr. Johnson and his co-workers have 
made because it emphasizes the possibility of using veins from the same person to bridge gaps 
of certain arteries other than the aorta. The method is especially attractive because the use 
of a graft from the same person obviates the risk of any antibody reaction which might occur 
when tissue is used from another individual. 

I would like to emphasize, and I am sure that Dr. Johnson and his associates will agree 
with me, that in bridging a gap in arteries, the best way to establish a satisfactory channel 
is to mobilize (if possible) the ends of the vessels and get them together by direct union. 


Failing that, the technique here described of using a vein graft from the same individual is 
As a last resort the use of a graft which has been kept in 


some form of a vessel bank will probably help the surgeon out of his difficulty. 


probably our next best method. 


DR. NORMAN E. FREEMAN.—I am very happy to have this opportunity of discuss- 
ing the splendid paper which Dr. Johnson and his associates have presented. In my limited 
experience with autogenous vein grafts, not only has the circulation been satisfactorily re- 
established but, over the course of time, the transplanted vein has appeared to constrict so 
as to approach more and more the caliber of the artery into which the graft has been in- 
serted. I should like to show the arteriograms on one patient who had a segment of super- 
ficial femoral vein transplanted to bridge the gap in the popliteal artery after resection of 
a large aneurysm. The first arteriogram taken three weeks after operation shows a consider- 
able dilatation of the venous segment. The second arteriogram taken fifteen months after 
operation shows the venous segment reduced in caliber so as to be indistinguishable from the 
artery. 
I should like to comment on the use of homologous grafts. Experiments performed with 
Dr. A. E. Schecter in the Harrison Department of Surgical Research of the University of 
Pennsylvania’s Medical School demonstrated an individual specificity of serum or plasma in 
dogs. Serum or plasma obtained from the donor animal was injected intracutaneously into 
a recipient dog which had previously been given an intravenous injection of T-1824. A wheal 
formed which was stained blue, due to the passage of the recipient’s own plasma into the in- 
jected area. Serum or plasma obtained from the recipient did not produce any reaction. From 
these observations it was concluded that an individual specificity was present, even in such 
undifferentiated biologic material as serum or plasma. 

The blood vessel wall contains smooth muscle and elastic tissue, both highly differentiated 
and essential components. If these components of the homologous graft were to be replaced 
by fibrous scar tissue, it would appear likely that dilatation and ultimately aneurysmal forma- 
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tions would occur under the influence of the continued high arterial pressure. Dr. Jolinson 
and his co-workers are to be congratulated for their eareful observation on the use of autog 


enous vein grafts. 


DR. HARRIS B. SHUMACKER.—I was very much interested to hear the results of Dr. 
Johnson’s studies, and I think the studies that he and his associates have made are very 
valuable indeed. 

We have had a fairly small but quite successful experience with the use of autogenous 
veins as free grafts to bridge arterial defects in man in the course of operating for aneurysms 
and arteriovenous fistulas. 

About two years ago, my associates and I decided to do two things—first, to rein- 
vestigate the problem of using venous transplants to the abdominal aorta in experimental 
animals; second, to review the entire literature with regard to those cases in which there was 
recorded a histologic description of the graft. 

A great many people worked upon this problem and the results recorded in the older 
literature are very informative. In general, we had the feeling after reviewing this work, 
that it could be said that these transplants to arterial defects were functionally 
satisfactory but that histologically they varied a great deal according to the type of trans- 
plant. In general, there seemed to be justification for the assumption that only autogenous 
venous transplants survived as living structures, and that homologous and heterogenous grafts 
were replaced by fibrous tissue from the host, regardless of whether they were fresh or were 
fixed in some medium, such as formalin, or whether they were preserved, as by refrigeration. 

In our own studies we used fresh, preserved, and fixed autogenous, homologous, and 
heterogenous veins as transplants. Usually they seemed to function well during the period of 
observation, which in our cases was not longer than ten months, but histologically they varied 
a great deal. Whether the histologic appearance of these grafts is of real importance, I do 
not know, but the autogenous venous grafts seemed to survive as living structures, and 
from our experience we agree with others that the other types of grafts undergo destruction 
and fibrous reinforcement. It is hard to tell them apart grossly or functionally. 

It seems to me that these problems are worthy of further investigation, and we are 
trying to study these matters at the present time. First, what are the very long-term re- 
sults? In the older literature, there is one eleven-year-old graft described by Guthrie, but 
generally grafts have been studied over only short intervals. Second, do these grafts grow 
with the growing animal? Up to the present time, I do not believe we have evidence along 
this line, but it should be easy to obtain in a relatively short time using animals such as 


pigs, which grow rapidly. 











COMPLICATIONS OF ANTICOAGULANT THERAPY 
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HE unlimited enthusiasm of Allen, Barker, and Hines’* regarding the 

therapeutic value of the anticoagulant Dicumarol in the treatment of 
pathologie intravascular thrombosis has permeated to the byways of medical 
practice, with the disastrous results which they themselves seemed to fear 
when they said: ‘‘The best method of preventing hemorrhage is to use 
dicumarol expertly.’’ 

In 1943 DeBakey® raised a voice of caution against the promiscuous use 
of this toxic substance with the comment that, ‘‘a restatement of facts is fre- 
quently necessary to dispel the fog of enthusiasm and thus permit a clear dis- 
cernment of objectives.’’ To substantiate this, he called attention to the 
work of Zava, who reported over 6,000 major surgical cases without a single 
embolic complication. He also commented upon the report of 4,410 consecu- 
tive operations performed at the Charity Hospital in New Orleans in which 
there were three (0.06 per cent) cases of postoperative embolism. Such sta- 
tistics certainly compare most favorably with those reported by the Mayo 
Clinie group, who had used anticoagulants with such enthusiasm. Their en- 
thusiasm is difficult to understand when one observes that even in their ex- 
pert hands? there has been an incidence of hemorrhagic complications of 8.5 
per cent. They observed ‘‘slight bleeding’’ in patients in 5.3 per cent of their 
series, and 3.2 per cent had severe bleeding, requiring transfusions. In ad- 
dition to this, they reported five fatal hemorrhages which occurred while 
Dicumarol was being administered. In 1943 DeBakey°® pointed out that much 
safer procedures, if carried out with the same diligence, might accomplish the 
same desirable reduction in mortality from postoperative thromboembolism 
without subjecting surgical patients to the hazards of this poison. Since that 
time, reports of tragic results have been appearing in the medical literature 
with disturbing regularity.» ”* The recent publication of Duff and Shull? 
in which reports of twenty-three deaths resulting from Dicumarol poisoning 
were collected and reviewed causes one to speculate upon the actual number 
of serious and fatal complications which are the results of this form of therapy 
in our smaller hospitals and in general home practice. Certainly very few 
of them are being reported, and many of them are not even recognized. 

The recent report of Wise, Locker, and Brambel’® is particularly im- 
pressive because even though they concluded from their analysis of 12,554 sur- 
gical cases that the value of anticoagulants in the prevention of postoperative 
thromboembolic complications is ‘‘mathematically probable’’ they conscien- 
tiously curbed their enthusiasm with such statements as, ‘‘One must bear in 
mind that the use of an induced, controlled hemorrhagic state to combat a 
transitory physiological clotting tendency is potentially hazardous by its very 
nature,’’ and, ‘‘The effort necessary to surmount the difficulties to pursue 
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such a course of prophylaxis to reduce an already relatively small incidence 
of fatal and non-fatal thrombo-embolie complications’? may not be worthwhile. 
Evans and Boller’: seemed to be in the same frame of mind when they con- 
cluded their survey of 45,000 major surgical cases at the Lahey Clinic, in 
which they encountered fifty-two fatal pulmonary emboli, by commenting 
that one of their hospitals, in which the nursing staff was trained to insist 
upon ‘‘bicyele exercises’’ in all postoperative patients, had only one-third as 
many postoperative thromboembolic complications as another hospitai which 
did not pay the same attention to this simple and safe prophylactic procedure. 


When one studies the excellent survey of the present uncertain status of 
laboratory procedures for determining the effect of Dicumarol on prothrombin 
levels which has been published recently by Alexander, deVries, and Gold- 
stein’? and heeds their warning that, ‘‘Present laboratory techniques for pro- 
thrombin estimation have their limitations, and failure to recognize them may 
prevent accurate diagnosis, obstruct effective therapy, and even invite dis- 
aster’’ one may justifiably speculate upon the possibility that the enthusiastic 
reports of the Mayo Clinic group’ and those of Wright and his co-workers™ 
may actually cause more deaths than they prevent, when their enthusiasm per- 
meates to the outposts of medical practice. 

In the early days of Dicumarol, before the drug had been released for 
general distribution, we experimented with it; after two minor hemorrhagic 
complications, we were glad to give our supply of the drug to more enthusi- 
astic members of our hospital’s medical staff, and observe its use for the side 
lines. The following cases have come to our attention, without any conscious 
effort on our part to conduct a careful investigation of complications of anti- 
coagulant therapy in our two hospitals, and we have reason to believe that 
they represent only a small fraction of the complications which have occurred 


in our community in recent years. 


CASE REPORTS 


Case I (Jackson Hospital No. 78513, Autopsy No. 199/44).—-J. C. H., a 68-year-old 
white man, was admitted Nov. 4, 1944, with a complaint that four hours prior to admission 
he experienced a severe epigastric pain, radiating through to the back and down both legs. 
Within a few minutes after the onset both lower extremities became paralyzed. On admis- 
sion both lower extremities were cyanotic, cold, and pulseless, and the lower abdomen was 
extremely tender. A diagnosis of dissecting aneurysm versus embolic occlusion of the lower 
abdominal aorta was made, and a bilateral alcoholic injection of the lumbar sympathetic trunk 
was done. As soon as this was completed 50 mg. of heparin were injected intravenously 
and 300 mg. of Dicumarol were given by mouth. There was marked improvement in cireu- 
lation to the feet and complete relief of pain following the sympathetic interruption, and 
the following morning the patient could move the toes of both feet. Anticoagulant therapy 
was supervised by a medical man who was especially interested in this type of therapy, and 
at all times the patient seemed to be well controlled. On Nov. 8, 1944, four days after ad- 
mission, the patient complained of severe pain in the right lower abdominal quadrant and 
there was clinical evidence of shock. Whole blood and vitamin K were given. The next day 
there were numerous areas of subcutaneous hemorrhage and the circulation to the lower ex- 
tremities was entirely shut off. In spite of four transfusions and large quantities of vitamin 
K, hemorrhage continued. The patient died on Nov. 13, 1944. 
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Autopsy findings were: (1) dissecting aneurysm of lower aorta, (2) bilateral profuse 
retroperitoneal hemorrhage at site of sympathetic block, (3) profuse parenchymatous 
hemorrhage in spleen, (4) hemoperitoneum, (5) hemothorax, (6) multiple subcutaneous 
hemorrhage, (7) advanced atheromatosis, (8) arteriosclerosis of kidneys, (9) hypertrophy 
of prostate. 


This man died as a direct result of Dicumaro] poisoning. Before hemor- 
rhage started, it appeared that the extremities were to be saved. 


CasE II (Jackson Hospital No. 85391).—E. 8. C., a 63-year-old white woman, was ad- 
mitted to the hospital on March 29, 1945, with uterine bleeding. On March 30, 1945, a total 
hysterectomy and right oophorectomy were carried out, because of the possibility of carcinoma 
of the fundus of the uterus. The patient had an uneventful postoperative course for the first 
forty-eight hours, and then experienced a sudden, severe pain in the left thigh and lower leg. 
The extremity became pale and pulseless. A diagnosis of embolus to the common femoral 
artery was made, and within three hours an alcoholic injection of the left lumbar sympathetic 
trunk was carried out.14 Two hours later anticoagulant therapy was instituted (Fig. 2). 
For the next forty-eight hours the patient had a very stormy course, as ischemic gangrene 
developed from the knee down. On the third day of anticoagulant therapy the patient took 
a very definite turn for the worse; there was marked abdominal distention and vomiting of 
blood, as well as extensive ecchymosis in the flanks. The anticoagulants were stopped, and 
she received 500 c.c. of whole blood. At that time the prothrombin time was 300 seconds. 
The following morning the prothrombin time was 18 seconds, but the patient continued to 
bleed, in spite of large doses of vitamin K. The following day an additional 500 c.c. of 
whole blood was given. She continued to show evidence of internal hemorrhage, and died six 
days after anticoagulants were begun and three days after they were discontinued. Autopsy 
revealed: (1) diffuse hemorrhage into the pericardium, both renal fossae, both psoas muscles 
(region of alcohol injections) peritoneal cavity, and multiple subcutaneous hemorrhages; (2) 
thrombosis of left femoral artery, due to advanced arteriosclerosis and dissecting aneurysm; 
(3) rheumatic heart disease; (4) advanced atheromatosis; (5) generalized secondary anemia. 


This woman lost her life because of anticoagulant therapy. Undoubtedly, 
prothrombin time determination should have been made during the first forty- 
eight hours, but it is interesting to observe that the prothrombin time reached 
five minutes on what is accepted as moderate dosage, and it is interesting to 
observe that she continued to bleed after the time returned to normal. This, 
and the preceding case, convinced us that anticoagulant therapy and para- 
vertebral sympathetic block should never be combined. The same complica- 
tion oceurred in Case 3. 


CasE III (Dade County Hospital No. 48010).—H. L., a colored man, aged 37 years, was 
admitted to the hospital on Jan. 8, 1948, because of a phlebothrombosis of left lower extremity 
which had developed forty-eight hours prior to admission. The prothrombin time was normal. 
The patient received moderate doses of Dicumarol and was subjected to daily procaine injec- 
tions into the region of the left lumbar sympathetic trunk. He did remarkably well for ten 
days and seemed to be fully recovered. On the eleventh day of hospitalization, and five days 
after Dicumarol had been discontinued, he was found dead in bed. Autopsy revealed massive 
retroperitoneal hemorrhage at sites of sympathetic blocks (undiagnosed clinically), hemor- 
rhage of lesser degree into kidneys, liver, and adrenals, with a final interesting comment by 
the pathologist that the muscle tissue showed evidence of necrosis and loss of striation due 
to extensive hemorrhage, the origin of which could be traced into the precapillaries and 
capillaries, as remnants of these were floating in the lakes of red blood corpuscles. It was not 
a hemorrhage by rupture but distinctly by diapedeses. 


CasE IV (Jackson Hospital No. 47025).—R. C., a white man, aged 45 years, had been 
in good health until April 22, 1948, when he suddenly developed an occlusion of the left 
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femoral artery below the profunda branch. He was admitted to the hospital on April 27, 
1948, five days after the occlusion, with a cyanotic, painful left lower extremity, in which 
there was no palpable pulsation except in the femoral artery at the fossa, which was normal. 
Through poor surgical judgment, an attempt at embolectomy was carried out under spinal 
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anesthesia. This patient was then subjected to the additional unnecessary trauma of a para- 
vertebral sympathetic injection of procaine while he was still under the influence of spinal 
anesthesia. During the twelve hours immediately after surgery he received 300 mg. of Dicu- 
marol and 280 mg. of heparin. The patient went into shock. The foot remained cyanotic 
and pulseless, but the pain was relieved because a complete motor and sensory paralysis had 
developed from the umbilicus down. Twenty-four hours after the first surgery he was op 
erated upon again and another attempt at embolectomy was made. This time he required 
no anesthesia. At the same time an alcoholic injection into the region of the left psoas muscle 
was carried out, in an attempt to interrupt the sympathetic innervation to the lower ex- 
tremity. On May 2, 1948, hemorrhage into the spinal cord was recognized for the first time, 
and anticoagulant therapy was discontinued. He was given 60 mg. of vitamin K and an 
exploratory spinal puncture revealed dark red blood. On May 4, 1948, a mid-thigh amputa- 
tion was carried out; following this, he developed infection in the amputation site, infection 
of the urinary tract, and a decubitus ulcer. He died on May 10, 1948. Autopsy revealed: 
(1) a hematoma and malacia of the spinal cord from the first lumbar to the cauda equina; 
(2) intramural thrombus in the right side of the heart; (3) ecchymosis of the left psoas 
and rhomboid muscles; (4) embolus of left femoral artery; (5) generalized arteriosclerosis. 


This man lost his life as the result of a massive hematoma into his cord 
at the site of spinal puncture. 
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CasE V (St. Francis Hospital No. 56947).—D. T., a white woman aged 70 years, had 
been known to have cardiovascular disease for twenty-five years. In July, 1948, she was ad- 
mitted to a Washington, D. C., hospital with cerebral thrombosis, and at that time she was 
placed on Dicumarol and evidently remained on anticoagulant therapy from that time on. 
She seemed to be well stabilized on alternating daily doses of 100 mg. and then 50 mg. of 
Dicumarol. She came to Miami during January, 1949, to convalesce. She was continued on 
alternating doses of 100 mg. and 50 mg. of Dicumarol at daily intervals. Weekly prothrombin 
determinations were advised, but were refused by the patient, who felt that they were un- 
necessary. On March 8, 1948, a prothrombic activity of 70 per cent of normal was reported. 
On March 15, 1949, the prothrombic activity was found to be 38 per cent of normal. On 
March 28, 1949, the patient experienced severe epigastric and precordial pain. The Dicumarol 
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was stopped. On March 29, 1949, the patient had another severe attack of epigastric pain 
and went into shock. She was admitted to the hospital where supportive treatment was given; 
at that time the prothrombin time was reported as 40 seconds (control 13 seconds). The 
patient lapsed into a deep coma and died on April 1, 1949. Autopsy revealed: (1) massive 
hemorrhage into peritoneum, liver, kidneys, pleural cavities, and into the pericardial cavity. 


Apparently this woman had been well standardized on Dicumarol for 
nine months, when she suddenly developed severe generalized hemorrhages, 
with no change in the medication routine. 

CasE VI (Jackson Hospital No. 36893).—J. L. 8., a white man, aged 48 years, had had 
recurring bouts of thrombophlebitis of the superficial veins of the left lower extremity for 
five years. Two weeks before admission to the hospital he developed a red, tender area in 
the left long saphenous at the knee and experienced a sudden, sharp pain in the right side of 
the chest. The chest pain and the phlebitis seemed to be improving until the day of admission, 
at which time he experienced the same sudden, severe pain in the left side of the chest. He 
was admitted to the hospital on Nov. 6, 1947, and a diagnosis of thrombophlebitis of the left 
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long saphenous at the knee with pulmonary emboli was made. He was given 200 mg. of Dicu- 
marol and 50 mg. of heparin. On the following day he was given 150 mg. of Dicumarol and 20 
mg. of heparin. Two days later, Nov. 8, 1947, the prothrombin time was 40 seconds. He ex- 
perienced another severe pulmonary embolus at this time, and the entire left lower extremity 
became swollen. On this day and the following day 100 mg. of Dicumarol were given, and on 
Nov. 10, 1947, the prothrombin time was 89 seconds. On Nov. 23, 1947, the entire right lower 
extremity became swollen and he was given 200 mg. of Dicumarol. The following day he ex- 
perienced a severe pulmonary embolus. On Nov. 25, 1947, an additional 150 mg. of Dicu- 
Nov. 25, 1947, we saw the patient in consultation, and made a diagnosis of thrombosis of the 
marol were given, and that evening another shower of small pulmonary emboli occurred. On 
Nov. 25, 1947, we saw the patient in consultation, and made a diagnosis of thombosis of the 
lower vena cava. Fresh whole blood, 500 ¢.c., was given, and large quantities of vitamin K 
were administered. The following morning the vena cava was ligated and sectioned about 
5 em. above the bifurcation. Fresh whole blood, 1,000 ¢.c., was given during surgery. No 
further emboli occurred, and the patient made an uneventful recovery. He now has a slight 
evening edema of the ankles, which is easily controlled by the use of elastic stockings. 
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It is true that this man’s anticoagulant therapy was poorly supervised, 
but even so, he did experience almost daily showers of pulmonary emboli 
while on fairly adequate doses of the drug. During this time a trivial local 
phlebitis, which could have been rendered harmless by a simple saphenous 
ligation, extended into the femoral and iliae veins and up into the lower vena 
cava, necessitating a hazardous and disabling surgical procedure. 


CasE VII (St. Francis Hospital).—C. J. P., a white man, aged 60 years, during Septem- 
ber, 1948, developed severe pleuritic type of pain over the right side of the chest, with 
hemoptysis. A diagnosis of virus pneumonia was made and he was treated with penicillin. 
He continued to have attacks of severe pain and hemoptysis, and therefore was placed on 
anticoagulant therapy for 44% weeks. He made a gradual recovery, and on Feb. 4, 1949, was 
discharged from the Harkness Pavillion and sent to Miami to recuperate. On March 4, 1949, 
he experienced a sudden, severe pain in the right side of the chest and coughed blood-tinged 
sputum. A diagnosis of pulmonary embolus, from an unknown source, was made and anti 
coagulant therapy was resumed. On March 17, 1949, while on adequate Dicumarol therapy, 
he complained for the first time of pain in the left calf; this cleared in a few days and he 
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Fig. 7. 
was discharged from the St. Francis Hospital and anticoagulant therapy was discontinued 
on April 5, 1949. On April 18, 1949, while straining at stool, the patient collapsed. A diag- 
nosis of right pulmonary infarction was made and a swelling and tenderness of the left 
lower extremity was noted. Surgical exploration of the left saphenofemoral venous junction 
revealed a soft, muddy clot extending up into the common femoral vein. This was aspirated, 
and a bilateral superficial femoral and saphenous vein ligation was carried out. The patient 
made an uneventful recovery, and he states that for the first time in seven months he feels 


well, 
This man’s first two attacks of thromboembolism may have been arrested 


by anticoagulants, but the course of this case raises the interesting question: 
When should anticoagulant therapy be discontinued? 

CasE VIII (Jackson Hospital).—G. McC., a white man, aged 65 years, on Feb. 19, 1949, 
underwent a subtotal gastric resection because of a prepyloric lesion, which later was found 


to be a benign ulcer. The postoperative course was entirely satisfactory until Feb. 27, 1949 
(eight days postoperative), when he developed phlebothrombosis of the left lower extremity. 
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Anticoagulants were started. On March 9, 1949 (tenth day of anticoagulant therapy 
and twentieth postoperative day), there was a disruption of the wound and a massive sub- 
cutaneous hematoma. Anticoagulant therapy was terminated. On March 11, 1949, the wound 
A large amount of liquid blood was removed from the peritoneal cavity 


disrupted again. 
The patient made a stormy, but satisfactory, 


and the wound was closed with interrupted wire. 
recovery. 

CasE IX (St. Francis Hospital).—C. H., a white man, aged 18 years, suffered a fracture 
of the neck of the right femur, necessitating open reduction and the instillation of a Stein- 
mann pin. A thrombophlebitis developed two weeks later and anticoagulant therapy was in- 
stituted. Four days later the right lower extremity, from the level of the Steinmann pin 
downward, became swollen, cold, and dark blue or black in color. This change occurred over- 
night, and was associated with severe pain. Careful examination revealed that massive sub- 
cutaneous hemorrhage had occurred at the site of the pin and had infiltated all the subeu- 
taneous tissues down to the tips of the toes. The first appearance was that of massive 


gangrene. 
The anticoagulant therapy was discontinued by use of fresh whole blood and vitamin 


K, and the patient made a gradual recovery. 
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CasE X.—M. 8., a white woman, aged fifty-nine years, was admitted to the hospital 
with a diagnosis of thrombophlebitis of the deep veins of the left leg. She was placed on 
bed rest and started on Dicumarol therapy, as indicated on Fig. 10. 
beginning of anticoagulant therapy she developed a massive hematoma in the left gluteal region 
In spite of this, she was con- 


Five days after the 


at the site of a recent intramuscular injection of penicillin. 
tinued on Dicumarol for two additional days, and the hematoma continued to increase in size. 
Anticoagulant therapy was discontinued after one week, but the entire gluteal region sloughed. 
Extensive débridement, frequent dressings, and a prolonged hospitalization ensued. In all, 
she required four months of hospitalization and an additional four months of outpatient 
dressings before healing was finally accomplished, with marked scarring and deformity and 
some permanent discomfort. 
SUMMARY 


Five previously unreported deaths and five serious postoperative complica- 
tions resulting from anticoagulant therapy are described. 
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CONCLUSIONS 


Reliable laboratory procedures for the estimation of prothrombin levels 
are not available. 

Dicumarol is a hazardous therapeutic agent at best, and when it is em- 
ployed by inexperienced or inattentive physicians it rapidly assumes the role 
of a fatal poison. 

Dicumarol therapy in postoperative patients may cause sudden, severe, 
and even fatal hemorrhage, even when carefully controlled by experts. 


There is no justification for the employment of anticoagulant therapy 
in eases of phlebothrombosis and thrombophlebitis limited to the lower ex- 
tremity below the groin, because proper vein interruption is a more certain, 
much safer, quicker, and much less expensive method for the control of this 
condition. 

The prophylactic use of anticoagulants in postoperative patients is 
frought with hazards and its general use probably will lead to an increase in 
mortality rates, as well as medicolegal complications. Correct bed posture 
and properly supervised exercises will accomplish the same prophylactic re- 
sults safely and eeonomieally. 
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DISCUSSION 


DR. ARTHUR W. ALLEN.—Dr. Carlson of Chicago once made a statement which 
interested me very much. He said, in effect, ‘‘There’ are'three types of discussors; two of 
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them are bad. One of the bad ones is the man who repeats the paper that has just been pre- 
sented, and the second is one who presents another paper that may not have too much bearing 
on the subject.’’ 

With the risk that you may criticize me in this second category, I will present to you 
some of the experiences which we have had with the complications of anticoagulant therapy 
at the Massachusetts General Hospital. 

This experience dates back a good many years, in fact, since heparin was first made 
available, and this drug was used quite commonly in various conditions when it was thought 
that it was proper to increase the coagulation time of blood. 

The cardiac service, under the direction of Dr. Paul D. White, when the sulfonamide 
drugs first became available, thought that perhaps they could benefit patients with acute and 
subacute bacterial endocarditis by the combined use of sulfonamide drugs and heparin. Their 
experience in some twenty-eight cases soon led them to believe that heparin was too dangerous 
to use, particularly in the older age group since too many of these people developed cerebral 
hemorrhage during the treatment. 

We also observed two instances of cerebral hemorrhage in elderly individuals who were 
treated with heparin for peripheral arterial sclerotic disease. This made us cautious about 
the prophylactic use of anticoagulants so that when we began using Dicumarol, we started 
with great care. 

(Slide.) We soon found during our experimental series, that people responded very 
differently to this drug. Quite often a very small dose of Dicumarol gave a very marked 
elevation of the prothrombin time, while other patients appeared to be very resistant or tol- 
erant of the drug. Practically no measurable response to the dosage which we decided to 
use was observed in about 25 per cent of the cases. Our patients were given 200 mg. as an 
initial dose, instead of the recommended 300 mg. They were not given any more for forty- 
eight hours or until we knew the response. Often only one dose appeared sufficient, while in 
others repeated doses were needed. 

The reponse to these small doses was satisfactory in about 75 per cent of the cases, while 
in about 25 per cent there did not appear to be a very good response. 

We reduced the incidence of thrombophlebitis in postoperative cases in the controlled 
series at about this same ratio, that is, about 75 per cent on the surgical service using the 
drug, as compared to the incidence found on the service not using it. 

The next slide summarizes the hemorrhagic complications we have observed in 905 pa- 
tients who received Dicumarol prophylactically. Minor bleeding occurred in 26 patients.- A 
few of these occurred in patients who had no response to the drug. I believe this indicates 
that our present laboratory tests are not sensitive enough. 

Major bleeding occurred in 4 patients, and 17 instances of phlebitis developed during the 
treatment; these patients required femoral vein interruption. Twelve individuals in this 
group had infarcts to the lungs. 

It is important to point out that none of the patients receiving Dicumarol as a prophy- 
lactic measure died of pulmonary embolism. 

There were, however, two deaths from delayed hemorrhage that we believe were at- 
tributable to Dicumarol. Minor bleeding from Dicumarol in the small doses we used was no 
great surprise but serious bleeding in four instances was unexpected and the two hemorrhagic 
deaths were quite a deterrent to the routine use of the drug, particularly in patients with hyper- 
tension and advanced arteriosclerosis. 

I believe it is fair to say that if we knew enough to use Dicumarol properly, we could 
have avoided the complications of hemorrhage as well as the instances of thombophlebitis 
that occurred duing its use. 

One year ago, before this Association, I made the trite statement that still applies, 
‘* Anticoagulants are valuable, but the ones that we have at our disposal now are very danger- 
ous—very tricky drugs. Furthermore, we need more simple and accurate laboratory tests to 
determine what reaction patients have to these drugs. ’’ 

I was told, not long ago, that in another city blood from the same patient, taken at 
the same time, was sent to four different laboratories, and the reports returned ran all the 
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way from 10 per cent of normal up to normal. I am sure that this illustrates one of our great 
difficulties. We have seen some tragic results from the misuse of this drug, in addition to the 
experiences described here. I am sure that you will agree with me that Dr. Lilly has brought 
to us a very timely and convincing communication. 


DR. A. WILBUR DURYEE.—I do not know whether a medical man dare get up in front 
of this group and put in a word, but I would like to compliment Dr. Lilly on his excellent 
presentation of these patients because he calls to our attention the necessity of being on guard 
in the use of these potent drugs. 

I believe we should not be alarmed by these serious complications but be guided, rather, 
by the successes as compared to the failures. When one looks back on the early days of the 
use of digitalis and of the sulfonamides he finds many deaths attributed to them. 

As far as we know there have been about 60 deaths from the use of anticoagulants in the 
last 10 years. Of course, there may have been others that have not been reported. If one 
balances those deaths against the individuals whose lives have been saved from anticoagulant 
therapy, I believe we have sound grounds for continued anticoagulant therapy. 

I agree heartily with the other speakers who have opened this discussion that we must 
have better anticoagulants, safer ones, if they can be developed. This may not be possible 
since any substance that prevents the clotting of blood has a real danger. We must also 
have better means of checking their action than we have today. Papers like Dr. Lilly’s play 
a most valuable part in instructing the general practitioner and warning him of the dangers 
of these drugs. 

If one takes a series like Bramble’s from Baltimore where, for instance, the laboratory is 
set up for almost perfect control of prothrombin activity, one gets another outlook. He has 
given Dicumarol to thousands of post-partum patients. As reported yesterday afternoon, there 
were no serious hemorrhages and no fatalities. It is evident that one can use these antico- 
agulants in a large series of patients without trouble. 

But until we evaluate the successes against the failures we will not be able to place these 
therapeutic agents in their proper places. 


DR. ALTON OCHSNER.—We, too, have feared anticoagulants, but have felt that they 
might be used in individuals who are potential thrombosers, provided that one could determine 
who those individuals are. On the other hand, we believe that the routine use of anticoagu- 
lants is extremely hazardous, as Dr. Lilly has emphasized. 

For the past two years, Dr. Kay, working in our laboratory, has shown that intravenous 
thrombosis of the phlebothrombotic type is dependent upon the relative proportion of anti- 
thrombin and prothrombin, and that if the antithrombin is low enough, a venous clot will 
oceur even though the prothrombin content may also be low. The prothrombin determination 
alone does not give any indication concerning the thrombosing tendency. It is possible to 
determine accurately which patient is likely to develop a venous thrombosis by daily de- 
terminations of prothrombin and antithrombin. We have demonstrated that following an 
operative procedure all patients have a decrease in the normal antithrombin content, but that 
normally the antithrombin content regains its normal level within a period of four to five 
days. However, the patient who will develop a clot has a progressive fall in the antithrombin 
content until the clot occurs, at which time the antithrombin content of the blood is extremely 
low. We have observed a number of these patients, watching their antithrombin level fall 
until a thrombus developed and then we have operated upon them and have proved that a 
thrombus was present. By ligation of the vein proximal to the clot, we have prevented de- 
tachment of the thrombus. 

Although the patient with a progressive fall in antithrombin content following injury 
is a potential thromboser, it is possible to prevent venous thrombosis by the administration 
of antithrombin. We have found that alpha tocopherol is an efficient antithrombin, and we 
believe it is probably one of the principal antithrombins in the blood. By supplying anti- 
thrombin in the form of alpha tocopherol, the deficiency in antithrombin is corrected and a 
clot is prevented. The great advantage of using antithrombin in the form of alpha tocopherol 
is that although the thrombosing tendency is overcome, a hemorrhagic tendency is not pro- 
duced, such as occurs when anticoagulants, such as heparin or Dicumarol, are used. 
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ERSISTENT venous stasis and chronic lymphedema in the lower extremity 

are always at least potentially dangerous. The increased protein-rich extra- 
cellular fluid induces the development of fibrosis and provides a favorable en- 
vironment for the establishment of infection. Pigmentation of the skin and 
induration of the subcutaneous tissues usually develop in time, often complicated 
by a chronie cellulitis, a persistent dermatitis, or acute inflammatory episodes of 
localized phlebitis or streptocoeccic infection. Eventually an uleer appears 
either spontaneously or after a minor trauma and tends to persist on account of 
the impaired nutrition of the skin. This is the frequent late effect of venous 
stasis and lymphedema whatever its original cause. When obvious varicosities 
ean be seen or when the engorged venous channels can be felt, tests for incom- 
petence of the communicating veins are available. With compression of the main 
saphenous channels, the rapid filling of the emptied veins below the tourniquet 
on standing (Trendelenburg test) or the emptying of the full veins on walking 
(Ochsner-Mahorner test) are simple and adequate. But when induration of the 
skin and subcutaneous tissues has occurred the veins can often neither be seen 
nor felt and these clinical tests become inadequate. Under these conditions a 
relatively rough comparative measurement of volumetric changes in the leg 
with change in position has proved useful to us in determining inecompetency 
of the perforating veins. 


A CLINICAL TEST FOR VENOUS STASIS WITH INCOMPETENT PERFORATORS 
IN THE LOWER LEG 

The basis for taking the measurements rests on the hypothesis that a sudden 
change from an elevated to a dependent position would be expected to result 
immediately in an abnormal increase in the total limb volume if there were 
marked valvular incompetence in the veins. Many elaborate devices were 
considered for accurately measuring this volume change, but all were re- 
jected in that they failed to meet the two requirements which we considered 
paramount, namely, (1) that the measurements be taken readily with the 
patient in the recumbent and the standing positions, and (2) that an apparatus 
be used which would not be too complicated for clinical application. Dr. W. 
O. Fenn suggested using the average circumference of the lower leg, a method 
which he had seen employed on experimental animals in Dr. Joseph Aub’s 
laboratory. Rather than taking multiple individual circumferential measure- 
ments of the limb as done by Dr. Aub, we decided on a continuous wrapping 
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with a twenty-five foot cloth tape measure. This was done in order to magnify 
the total measurement so that slight errors in the rapid measurements required 
would not vitiate the result. 

To perform the test the patient lies in a supine position with the limb 
elevated to about 45 degrees supported either by an assistant or a leg rest. 
After five minutes a point is selected and marked on the lateral aspect of the 
limb two inches above the distal tip of the external malleolus; the end of the 
tape is secured to this point by means of a strip of adhesive tape. The limb 
is then wrapped with twenty consecutive paralleled turns of the tape and 
terminated at a point directly in line with the initial point. The terminal point 
is marked and a direct reading made from the tape in feet and inches. This 
will result in the entire lower limb being almost enclosed by the tape (Fig. 
1, A). It is important in wrapping that: (1) the tape rest against the skin and 


A. 


Fig. 1.—A, The initial measurement is taken with the patient in recumbent position and the 
leg elevated at least 45 degrees. Initial point is on lateral aspect two inches above the distal tip 
of the lateral malleolus. Twenty turns of the tape are taken. B, With patient and limb in same 
position the tape is removed and a tourniquet applied to occlude the superficial venous system. 


not be pulled up with any tension, and (2) the successive turns lie parallel to 
one another and do not overlap. Where the contour changes suddenly as in the 
ealf region, no effort should be made to fit the entire width of the tape to the 
contour of the leg as this will result in spiraling. Parallelism can be achieved 
by resting the uppermost portion of the tape on the skin and allowing the lower 
portion to jut out. 

The tape is removed and with the leg elevated a tourniquet applied above 
the knee (or if necessary to exclude the lesser saphenous vein, just below the 
knee) with sufficient foree to occlude the superficial venous system at this 
point (Fig. 1, B). The patient is directed to stand with the tourniquet in 
place, and the measurement is taken immediately (Fig. 2, A). Before going 
from lying to the standing position the patient should be cautioned to stand 
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with the heels about twelve inches apart, and to bear his weight equally on 


both feet. 

Following the second measurement the tourniquet and tape are removed, 
and for an interval of five minutes the patient is directed to stand as quietly as 
possible. After this interval a third measurement is taken without the tourni- 
quet in place (Fig. 2, B). (It is convenient to have the patient on a small plat- 
form stool about twelve inches in height, and to have the operator sit on the floor 
straddling the stool.) 

The fourth measurement is taken the same as the first after the patient has 
again reclined on the table and elevated the limb for five minutes. 


a + B. 
Fig. 2.—A, With the patient standing a second measurement is taken immediately. Patient 
should stand with hells at least twelve inches apart to facilitate rapid wrapping. B, Third 


measuremnet is taken following removal of tourniquet and tape, and after patient has stood still 
for five minutes. The initial measurement is then repeated as a control. 


When normal lower legs—that is, those with no evidence of arterial or 
venous pathology—were measured by the technique described, the maximum 
increase in measurement was found to be six inches. Very often the changes 
were only slight and amounted to three inches or less. Any increase over six 
inches, and particularly in the second measurement (standing with the tourni- 
quet on) was regarded as indicative of venous stasis. Patients with obvious 
varicose veins, but with no incompetency of the perforating veins, showed by 
clinical tests no abnormal increase in volume until removal of the tourniquet. 

However, the most marked measurement changes were noted in patients 
with incompetency of the perforating veins. The greatest increase was always 
on the second measurement, and in some cases was as great as twenty inches. 
We ascribed considerable importance to this fact and found it very useful in 
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selecting the proper form of treatment when the indurated, edematous condi- 
tion of the limb masked all attempts to demonstrate incompetency of valves 
or even the presence of superficial varices by any of the proved conventional 
clinical methods. Also, it served as a useful guide as to the effectiveness of the 
surgical procedures performed to improve the venous stasis. The following 
two cases will illustrate that point. 


CASE REPORTS 


L. S. (No. 262268), a 61-year-old, white, unmarried woman noted edema of right and 
left lower legs with subsequent ulcerations over the medial aspect of the right ankle. For 
eight years previous to being seen by us she had had numerous ligations, injections, and skin 
graftings. The right lower leg improved and the ulcers healed, but the left continued to 
uleerate and swell. Examination of the left lower leg showed an edematous, indurated, pig- 
mented extremity with two areas of ulceration just above the medial malleolus and in the 
mid-calf region. Phlebograms of dye injected into the superficial varices of the left ankle 
showed the dye to pass rapidly through unusually large perforating veins into the deep circu- 
lation by the mid-calf. 

Measurements of the left lower leg on Nov. 8, 1947, following two days absolute bed 
rest were: Elevated, 18’ 4”; standing with tourniquet, 20’ 5”; standing without tourniquet, 
20’ 6”; elevated, 18’ 11”. 

On Nov. 12, 1947, ligation of the left superficial femoral vein was performed. 

On Jan. 7, 1948, the symptoms were somewhat less, but there was evidence of marked 
venous congestion in the left lower leg. Measurements were: Elevated, 20’ 10”; standing 
with tourniquet, 21’ 10”; standing without tourniquet, 21’ 914”; elevated, 21’ 0”. 

When seen on April 16, 1948, the patient was fully ambulatory. Four months had 
elapsed since dissection and ligation of all perforators on the lateral aspect of the left lower 
leg. Symptoms were considerably improved with marked diminution of edema and indura- 
tion. Measurements at this time were: Elevated, 18’ 9”; standing with tourniquet, 19’ 6”; 
standing without tourniquet, 19’ 8”; elevated, 18’ 11”. 

The last set of measurements revealed considerable improvement, but it was felt that 
considerable incompetency still existed. Shortly thereafter dissection and ligation of all per- 
forators on the medial aspect of the left lower leg were performed. Unfortunately, we do not 
have a measurement following this procedure. 


J. T. (No. 198762), 49-year-old, married housewife, noted bilateral varicosities following 
her first pregnancy twenty-eight years previously, with an increase in them following the second 
pregnancy. She was asymptomatic with no evidence of phlebitis. Ten years before, var- 
icosities had been treated by injection with improvement. In October, 1947, however, she 
noted appearance of ulcerations on the anterior aspect of the left lower leg. 

Examination showed markedly enlarged varicose veins in the greater saphenous system 
with some demonstrable incompetence of the perforating veins of the left lower leg. Multiple 
small superficial ulcerations were present over the anterior aspect of the left lower leg. The 
right leg had no large varicosities and no incompetence of the perforators could be dem- 
onstrated clinically. 

Measurements on Nov. 14, 1947, were: Elevated, right, 19’ 6%”, left, 20’ 8”; standing 
with tourniquet, right, 19’ 8”, left, 21’ 914"; standing without tourniquet, right, 19’ 8”, left, 
21’ 8”; elevated, right, 19’ 6”, left, 21’ 14”. 

On Nov. 15, 1947, a high ligation and division of the left greater saphenous vein just 
distal to the junction with the femoral were performed with ligation and division of all enter- 


ing branches. 
On Nov. 17, 1947, an ascending thrombosis of left greater saphenous system was noted 


from mid-calf to the groin. 
On Nov. 24, 1947, the thrombosis was still present. Measurements on the left were: 


Elevated, 20’ %4”; standing with tourniquet, 20’ 6”; standing without tourniquet, 20’ 7”; 
elevated, 19’ 11”. 
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The decrease in the postural measurement difference, we felt, was associated with the 
ascending thrombosis occluding the perforating veins rather than a permanent improvement in 
the degree of incompetence in the perforators. That this assumption was correct is shown by 
the last measurements on May 20, 1949: Elevated, 21’ 0”; standing with tourniquet, 21'11”; 
standing without tourniquet, 21’ 10”; elevated, 20’ 11”. 

These eases illustrate the manner in which measurements of the postural 
effect on the volume of the leg are useful. The latter can assist in the de- 
termination of venous stasis due to incompetent perforators even in the 
absence of visible or palpable varicosities, and also in following the effect of 
various therapeutic measures. We have demonstrated marked incompetence 
of the communicating veins in many eases of the postphlebitie state when this 
fact could not be shown by the usual clinical tests (due probably to the fibrosis 
and induration present). 

Two conditions may prevent the marked difference in postural change 
that we have come to associate with incompetent perforators, namely, (1) an 
acute inflammatory reaction in which probably the acute swelling already 
present prevents or masks the postural increase in volume, and (2) an acute 
thrombosis in the subeutaneous veins in which, in addition to the above cause, 
many of the perforators may actually be temporarily obstructed by a blood 
clot. 

TREATMENT 


When the venous stasis is due only to incompetence of the valves in the 
greater and lesser saphenous veins themselves, the high division of the main 


channels will suffice to correct this. But when there is a major degree of in- 
competence in the communicating veins, then the correction of the venous stasis 
becomes much more difficult though usually even more imperative. Unfor- 
tunately, there are a great many communicating veins throughout the lower 
leg and below the ankle. When they have become incompetent usually this has 
been due to an inflammatory process either following a deep thrombo- 
phlebitis or as a complication of long-standing varicosity with superimposed 
infection. Their involvement is diffuse even though a few of them have be- 
come greatly enlarged. If the latter are divided, others will dilate and the 
venous stasis will reeur. It is for this reason that the surgical treatment of 
venous stasis associated with incompetent perforators has become so radical. 
When the greater and lesser saphenous veins have been removed from the 
knee to the ankle and the flaps undermined extensively to divide the perfo- 
rators—a rather extensive surgical procedure—even then communicating 
veins below the ankle on each side may develop into large incompetent 
channels and re-establish the serious venous stasis. 

Physical measures for the control of the venous stasis are numerous and 
sufficient in many instances. However, all of these previously in common 
use have one serious defect, namely, that they do not effectively overcome the 
venous stasis in the lower part of the leg and below the ankle. In general, 
these measures use one of two principles: (a) the compression of the dilated 
veins by a circular bandage or stocking usually incorporating the principle of 
elastic tension or (b) the application of an inelastic dressing which will pre- 
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vent further increase in volume. In the first category are compression band- 
ages, made of cotton alone or reinforced with elastic strands or made entirely 
of rubber, and elastic stockings. The defect in all of these is that where bony 
and tendinous elevations occur in the lower leg and around the ankle effective 
uniform pressure cannot be obtained in the depressions between the promi- 
nences. Recognizing this drawback, perhaps the most effective physical 
method of overcoming the venous stasis in the lower part of the lower leg 
previously has been the incorporation of some type of sponge rubber under the 
elastic bandage in the lower leg as suggested by McPheeters. However, even 
this method does not give a uniform pressure in all areas. In the second cate- 
gory the outstanding example is the Unna gelatin paste boot. When ac- 
eurately applied it holds the volume of the leg to that of the time of applica- 
tion but it does not produce any elastic compression of the enlarged veins nor 
does it compensate for any decrease in size. 

In order to overcome the defects present in the previous forms of com- 
pression it seemed to us that the simplest method to get a uniform pressure 
throughout the lower leg was by the use of a compression dressing containing 
an inflatable bladder with a nonelastie sheath. Any desired pressure on the 
leg can then be obtained by adjustment of the pneumatic pressure. Six years 
ago we were confronted with the problem of a serious venous stasis in the 
postphlebitic extremity of W. B. The usual methods of physical restraint and 
operative treatment had failed to prevent the recurrence of venous stasis 
with ulceration in the vicinity of and below the malleoli. The great saphenous 
vein had been ligated above all branches. It had been stripped out to a point 
below the knee and had then been removed from the knee to the ankle. Flaps 
had been turned back to beyond the edge of the tibia, nearly to the midline 
posteriorly, and all perforating vessels ligated. The lesser saphenous vein 
and perforators associated with it had also been divided. These operative 
procedures produced a healing of the ulcer in the lower leg but the patient 
developed large, tense veins connected with the numerous perforators below 
both malleoli in the posterior part of the foot. An uleer was forming below 
the external malleolus and pre-uleeration was present below the internal 
malleolus. Treatment was begun with air pressure applied in a football 
bladder about the ankle and lower leg under a canvas legging, an apparatus 
constructed by the patient, who was an experienced engineer. Within one 
week the ulcers below each malleolus were completely closed and the purplish 
discoloration and the burning sensation present in these areas had disappeared. 
This had occurred during a period of intense activity on the part of the patient. 
A pneumatie legging has been used by this patient continuously since then. 
At one time during the war he had to spend one week in Washington. The 
football bladder developed a worn area and he could not get a replacement for 
it. Within three days the ulceration below the external malleolus had re- 
eurred. The football bladder was repaired and treatment resumed. Im- 
mediately the discomfort in the leg disappeared, the ulcer began to heal, and 
within one week was completely healed. Following the success of this method 
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of overcoming venous stasis where all the commonly used methods had failed, 
the same type of homemade apparatus was used on twelve other patients in 
the ensuing five years. In each instance the venous stasis was kept under 
adequate control and the individual’s activity was not interrupted. 


Fig. 3.—Aero-pulse legging consisting of an outer duck casing containing a butterfly-shaped 
alloon in an inner pocket. 


Fig. 4.—Aero-pulse legging applied. The balloon is inflated to the determined pressure (usually 
35 mm. Hg), automatically controlled by the regulator on the inflator. 

In the last year, upon my request, this first patient, a trained mechanical 

engineer, has designed a legging which effectively applies this principle of uni- 

form air pressure throughout the whole lower leg.* It consists of an outer 


*This appliance can be obtained under the name, Aero-Pulse Legging from the Surgical 
Research Corporation, 1310 Crittenden Road, Rochester, N. Y. 
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Cape Cod duck easing closed with a zipper and containing a butterfly-shaped 
rubber bladder which is inflated through a tube and valve at the top of the 
legging (Figs. 3 and 4). The hand pump used for inflation has a regulator 
which automatically controls the air pressure left in the bladder. It has been 
found empirically that an initial pressure within the bladder of about 35 
mm. Hg appears to be optimal in most ecases.* One other significant fact has 


Fig. 5.—Pressure changes in the inflated balloon with walking—normal venous return. The 
pressure varies, rhythmically rising above the median (standing) level with the contraction of the 
gastrocnemius muscle group and falling below this level on their relaxation. Note that the ter- 
minal pressure after walking is considerably below the initial level, due to the pumping action 
of the muscles on the venous blood and lymph in the lower leg. The pressure gradually returns 
to its initial (standing) level, requiring 30 seconds or more as the veins are refilled from the 
capillaries. Entire length of the graph is equivalent to 50 seconds. 


ty Maya fhe dda dey, 4 


Fig. 6.—Pressure in the inflated balloon with walking—venous stasis due to incompetent 
perforators. Lower curve with tourniquet occlusion of the saphenous veins above the knee. 
Upper curve without tourniquet. Note the rhythmic pressure variations like the normal curve 
(Fig. 5) on alternate contraction and relaxation of the gastrocnemius muscle group. Note the 
rapid recovery of the initial (standing) pressure after walking (3 to 4 seconds) due to the rapid 
venous filling associated with the valvular incompetence. Tourniquet occlusion of the saphenous 
veins above the knee (lower curve) makes no significant change and does not prevent the rapid re- 
covery to the initial pressure. This is a graphic demonstration of the doubly positive Trendelen- 
burg test which does not require visible or palpable varicosities. Entire length of the graph is 
equivalent to 50 seconds. 


been found by recording the pressure within the balloon during walking. 
With the contraction of the gastrocnemius group of muscles the pressure 


within the balloon rises above the initial pressure and with relaxation the 
pressure falls below the initial pressure in a cyclical manner (Fig. 5). This is 


*It is interesting to note that approximately the same pressure was found of benefit when 
applied to full-thickness grafts while higher pressures were injurious. Ferris Smith: ‘A Ra- 
tional Management of Skin Grafts,’’ Surg., Gynec. & Obst. 42: 556, 1926. 
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true whether the perforators are competent or not (Fig. 6). The result is that 
the subcutaneous tissues of the leg are exposed to a pulsating pressure during 
activity in a similar manner to that applied by muscular contraction to the deep 
veins. In other words, in effect a deep fascia has been placed outside of the 
skin, and the subeutaneous veins and lymphatic spaces are compressed 
rhythmically on walking. It is our belief that this pulsating pressure, powered 
by the muscle contractions in the upper part of the lower leg, and exerted 
uniformly (in spite of its irregular contour) on the skin and subeutaneous 
tissues throughout the whole lower leg, is an important factor in driving out 
the excess of extracellular fluid. If this is so, then exercise by the patient 
wearing such a legging is beneficial rather than detrimental. The latter con- 
clusion would seem to be borne out by the following ease. 


CASE REPORTS 

G. J., a 16-year-old boy, sustained an epiphyseal separation of the right femur in 1942. 
He subsequently developed phlebitis and persistent swelling of both legs. The postphlebitic 
condition in the right leg has been kept under fair control by elastic restraint though he still 
has continuous swelling in this lower leg with extensive pigmentation. In the left lower leg 
an uleer formed which was not amenable to treatment by elastic restraint. The only way 
healing could be induced was by putting the patient in bed with the leg elevated. In three 
months’ time with complete bed rest and elevation of the leg the ulcer was reduced to about 
one-third of its original size. The Aero-pulse legging was applied on Dec. 3, 1948, after the 
uleer had returned to its previous size. In six weeks’ time, with continuous activity, the ulcer 
had healed to the same extent that it had previously done in three months of elevation and 
bed rest (Figs. 7, 8, 9, and 10). It continued to heal until there was only a small scab about 
2 mm. in diameter over the center of the ulcer. At that time the zipper of the legging broke 
and the patient continued activity without effective pressure until his next appointment in ten 
days. The ulcer began to enlarge within three days and it measured 1.7 by 1.1 em. in di- 
ameter when he was next seen (Fig. 11). It has now rapidly healed again with the reapplica- 
tion of effective pneumatic pressure. 

This ease illustrates two facts: (1) the greater effectiveness of the legging 
in healing the uleer with continued activity as compared to the healing of the 
uleer with immobilization in bed and elevation of the extremity and (2) 
the rapid reeurrence of ulceration when the effective pressure is removed. 

Fifty-two patients with severe venous stasis and chronic lymphedema 
have been treated with the pneumatic legging. In general it can be stated 
that any lymphedema which can be made to disappear by elevation of the ex- 
tremity will be effectively controlled. Ulceration due to persistent venous 
stasis and not associated with an acute phlebitis or acute cellulitis will begin 
to heal promptly and the rate of healing appears to be at least as fast with 
the patient ambulatory and active as can be obtained by elevation of the ex- 
tremity in bed. The amount of scar tissue in the ulcer base and fibrosis in the 
surrounding area will undoubtedly be a limiting factor in the healing of some 
of these ulcers, but we have been surprised by the strikingly increased 
vascularity of the uleer base and the capacity of such long-standing ulcers to 
heal. The induration of the subeutaneous tissues gradually diminishes, even 
the dense pigmentation of the skin often becomes much lighter, and recurrent 
attacks of cellulitis and flare-ups of subeutaneous phlebitis seem to be pre- 
vented or to oeeur less frequently. Twenty-six of the patients have required 
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Fig. 10. Fig. 11. 


Figs. 7, 8, 9, 10, and 11.—GQG. J., Bilateral postphlebitic state. On the right ulceration is 
controlled by conventional elastic compression. On the left ulceration cannot be prevented thus. 
Fig. 7, condition just before applying Aero-pulse legging. Fig. 8, after using the legging one 
month. Fig. 9, after using the legging six weeks. Fig. 10, after using the legging ten weeks. 
Fig. 11, the recurrence in ten days after non-use of the legging. 
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treatment for postphlebitiec sequelae (lymphedema, induration, ulcer forma- 
tion, recurrent attacks of cellulitis or of subeutaneous phlebitis, and stasis 
dermatitis). Eighteen of the cases have been those of long-standing varicosi- 
ties with incompetent communicating veins (perforators), frequently with 
trauma as the factor precipitating a resistant infection and ulceration. In 
three cases of severe acute iliofemoral thrombophlebitis the Aero-pulse legging 
has been applied as soon as the patient was ambulated in an effort to minimize 
the late postphlebitic effects; in three cases the chronic lymphedema was from 
other causes not apparently associated with varicosity or the postphlebitic 
state. The following cases illustrate the usefulness of this method of treat- 
ment. 


C. M., a 51-year-old steel worker, was first seen in 1944. He had had varicose veins in 
the left leg since an injury seven years previously. In 1942 he developed an open ulcer above 
the internal malleolus following repeated trauma to this area by the clutch pedal of the ma- 
chine which he operated. He developed a dense pigmentation of the skin in this area asso- 
ciated with an eczematoid weeping dermatitis and indolent ulceration which had persistently 
failed to heal. In 1944 and 1945 high-low division of the left lesser saphenous vein and 
several sclerosing injections of the varicosities in the lower leg produced temporary improve- 
ment, which was completely lost on return to work. For two years from 1945 to 1947, he was 
not seen by us and at the end of this time his condition was unimproved. The great saphenous 
vein in the lower leg was removed with exposure and division of incompetent perforators on 
the medial and lateral sides of the leg. Following this he again showed improvement for a 
few weeks but recurrent attacks of superficial phlebitis and cellulitis persistently occurred, as- 
sociated with ulceration in the involved area. The inflammatory attacks subsided on bed rest 
with antibiotics but they would recur with activity in spite of the usual type of compression 
jressings. In November, 1948, the flare-ups of inflammation occurred whenever the patient 
resumed any activity and the induration of the subcutaneous tissues was unaltered or pos- 
sibly progressive. The Aero-pulse legging was applied and the patient was made ambulatory. 
In one month all ulcers had healed, the induration of the subcutaneous tissues was beginning 
to soften up, and the patient had had no inflammatory attacks. By the middle of January, 
1949, the patient returned to his regular work at which he has continued to the present. Al- 
though we know by measurement that there is serious incompetence of remaining communicat- 
ing veins,* the venous stasis is adequately controlled by the legging. Undoubtedly this pa- 
tient could have been saved four years of unemployment by the use of this method of treat- 
ment originally. 


H. F., a 44-year-old truck driver, had a rather similar initial history. He had large 
varicose veins on the right leg. In February, 1948, he had an abrasion over the anterior 
surface of the right lower leg followed by ulceration and infection and associated with swell- 
ing of the right lower leg. When first seen, this had persisted for six months without im- 
provement while he continued at work. Examination showed a major degree of incom- 
petence of the perforating vessels. A period of two weeks of relative immobilization at home 
with elevation of the leg produced improvement in the swelling and in the appearance of the 
ulcers, which, however, was rapidly lost on return to work. In November, 1948, his condition 
was unimproved. An Aero-pulse legging was applied and the patient continued at his work. 
In five weeks the ulcers had completely healed (Fig. 12). The stasis dermatitis surrounding 
them had cleared up and the induration about the ulcerated area had greatly diminished. This 
patient had a very similar condition to. that of the previous one. He had gone for eight 
months without improvement after his injury. The ulceration and infection had reached the 
point where he could not continue at his work. However, they were rapidly and completely 
cleared up by the treatment without interfering with his activity. 


*When first seen on July 30, 1947, the difference between the elevated and standing with 
tourniquet in place was 11% inches. On May 23, 1949, the difference was 7% inches. 
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When the ulcers appear below the malleoli we have found that 35 mm. 
Hg of pressure in the balloon may not be optimal. This is probably due to 
the fact that the elastic tension of the rubber in the prolongation of the balloon 
below the malleoli absorbs some of the effective pressure to be exerted on the 
skin in this area. We have found that more rapid healing of such ulcers 
ean be obtained by a pressure of 50 mm. Hg. However, if the pressure in the 
balloon is inereased to this level the patient may notice some discomfort. 
Under these circumstances, therefore, a second small bladder is placed below 


a 
Fig. 12.—H. F., Posttraumatic ulcer. A, eight months after injury. Healing of the ulcer 
has been prevented by venous stasis (varicose veins with incompetent perforators) in spite of 
conventional elastic dressings; B, two months after using the Aero-pulse legging. Ulceration 
healed in one month without interruption of the patient’s work. 


the malleoli and filled with air at a pressure of 50 mm. Hg while the pressure 
in the main bladder is kept at 35 mm. Hg (Fig. 13). This auxiliary bladder 
at a slightly higher pressure below the malleoli has been used in three cases 
with rapid healing of the ulcers in this situation in each ease (Fig. 14). 

A chronic dermatitis is a frequent complication of venous stasis and 
is sometimes the outstanding clinical feature. The dermatitis often will not 
yield to treatment until the venous stasis is overcome. Certain special precau- 
tions are necessary, however, with the use of the legging in these eases. 
The increase in moisture and temperature of the skin favors the persistence 
or even the exacerbation of the dermatitis. We have found this unfavorable 
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effect on the dermatitis can usually be overcome by two measures: (1) the 
active treatment of any element of fungus infection in the skin; usually half- 
strength Desenex ointment is effective for this purpose, (2) the absorption of 
any moisture from the skin; a cotton understocking is worn under the legging 





Fig. 13.—Aero-pulse legging with additional anklet bladder for ulcers below the malleoli. 
The pressure in the auxiliary small bladder is maintained at 50 mm. Hg while that in the main 
bladder remains at 35 mm. Hg. 


Fig. 14.—Illustration of the type of ulcer in which the auxiliary bladder is used. These 
ulcers were healed by its use in less than one month. 





and if necessary a layer of Cellu-cotton is wrapped around the leg before the 
legging is applied.* These measures will usually suffice to control the 
*An old Ace bandage loosely wrapped about the leg over the understocking before applying 

t 


the legging has been used in place of the Cellu-cotton as an absorbent layer in some cases. 
must not constrict the leg or the advantage of the pneumatic pressure is lost. 
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dermatitis when the element of stasis is overcome. Exceptionally, however, 
the elements of infection, bacterial or fungus, have to be brought under con- 
trol by energetic treatment in bed before the legging is applied. Such in- 
stances of extremely resistant infections are, we believe, quite rare. One other 
complication which has arisen infrequently in conjunction with the use of the 
legging is a diffuse papillary eruption of the skin, particularly apt to occur 
during warm weather. In two instances we believe this condition was due to 
a sensitivity of the individual to some ingredient of the rubber. When this 
oceurs it can be prevented by an insulating layer of inert p!astic or cellophane 
between the bladder and the skin. Also, in very warm weather some patients 
develop an excess of perspiration which may irritate the skin. This can usu- 
ally be prevented by wearing an understocking with a layer of Cellu-cotton 
wrapped about it under the legging. 

When venous stasis is controlled by the use of the legging this has to be 
continued indefinitely whenever the patient is up and about. However, we 
have found that after the control of the ulceration and induration the pa- 
tient ean be without the pneumatic pressure for a fraction of the day. This 
will undoubtedly vary from one case to another, but we would estimate that 
this interval would usually be between 10 and 25 per cent of his activity. 
Thus, most individuals could probably be without such support for one to 
three hours in the evening, for example. This is ordinarily not too important 
to the male patients but is much appreciated by the women. Of course, sup- 
port can be dispensed with whenever the leg can be elevated. 

Until recently, care has been taken to exclude from such treatment any- 
one showing signs of a major arteriosclerotic element in the condition of the 
lower legs. This was done because we feared a deleterious effect of the pres- 
sure of 35 mm. Hg on the skin under these conditions. A recent experience, 
however, leads us to believe that if there is an element of venous stasis in the 
lower leg its control in this manner may be beneficial in spite of the arterio- 


sclerotic component. 


N. S., a 67-year-old janitor, on Feb. 12, 1949, dropped an ash can on his left shin, 
skinning the surface in several places. The abrasion became infected and developed into an 
indolent ulcer which failed to heal and he has not been able to work since injury. Before 
the accident he had only noted occasional cramps in both legs at night and a feeling of cold- 
ness in the feet and he probably had had mild dependent ankle edema but he had not ob- 


served any uiceration. 
On examination, he had an uleer 2 by 3 em. on the anterior surface of the left lower 


leg with smaller ulcers in the region of the left internal and external malleolus, The skin 
in the whole lower half of both lower legs was pigmented, crusted, and scaling with areas 
of atrophy and a small open ulcerated spot on the posterior surface of each lower leg. There 
was slight bilateral ankle edema. There was no pulsation felt in either leg below the femoral 
arteries. On elevation ischemic pallor developed in both feet and on resuming the horizontal 
position there was a slow return of capillary circulation on both sides. There were some 
moderate varicosities in the left leg and there was a distinct purplish cast to the skin in the 
left lower leg, particularly about the ulcers. 

It was felt that he had marked arteriosclerotic changes in both lower legs with definite 
skin changes from this cause. In addition to this he had posttraumatic ulcers on the left leg 
and also a component of venous stasis. On the possibility that the latter might be the de- 
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-N. S.. Posttruamatic ulcer. Venous stasis is associated with marked arteriosclerotic 
skin changes. Three months after injury there was no sign of repair. 


Fig. 16.—N. S., Three weeks after using the Aero-pulse legging. The large ulcer on the 
anterior surface of the left lower leg is now less than one-half its former size and the ulcers near 
the malleoli are completely covered with new epithelium. 
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termining factor in the failure of the ulcers to heal, an Aero-pulse legging was applied to the 
left leg on April 22, 1949. Three weeks later the ulcers near the malleoli had both healed, and 
the larger ulcer in the middle third of the anterior surface had decreased in area by at least 
one-half (Figs. 15 and 16). The ulcer went on to complete healing. 


It can be definitely stated that in spite of a marked arteriosclerotic ele- 
ment the degree of pressure used to overcome the venous stasis has not been 
detrimental, and it has seemed to be very beneficial in the healing of these 
uleers. Probably an arteriosclerotic uleer uncomplicated by any element of 
venous stasis would not be benefited by the use of the pneumatic pressure, 
though even this assumption may be untrue. 


CONCLUSIONS 


1. Venous stasis in the lower extremities may be demonstrated clinically 
even when the superficial veins can be neither seen nor felt. 

2. By the application of pneumatic pressure, made to pulsate by muscular 
contraction, lymphedema and venous stasis have been effectively controlled, 
induration of the subcutaneous tissues has been reduced, ulcers resistant to 
treatment by the usual compression dressings have been healed; and reecur- 
rent attacks of cellulitis and phlebitis have been curbed. 

3. The injurious effect of incompetent perforators can be controlled 


without operation. 
4. Stasis dermatitis requires special precautions in this form of treatment. 
5. A pressure of 55 mm. Hg has been found optimal in most eases. When 
the uleer is below the level of the malleoli, 50 mm. Hg in an auxiliary small 


bladder may be desirable. 
DISCUSSION 

DR. M. E. DEBAKEY.—Dr. Radakovich and Dr. Scott are to be commended for the 
development of this ingenious device for providing a controlled, evenly distributed 
pressure dressing. It reminds me of a somewhat similar device which Dr. Beverly Douglas 
Nashville developed about ten years ago. 

The efficacy of pressure dressing in certain conditions has long been well recognized 
and the principle upon which this device is based is similar to that of the simple and com- 
monly employed elastic bandages. As pointed out by Dr. Radakovich and Dr. Scott, how- 
ever, it has the advantages of providing a controlled and more evenly distributed pressure. 
Whether or not in actual practice these advantages outweigh the greater simplicity of the 
elastic bandeges remains to be determined by practical experience. 

Of particular interest to those of us from the deep South is the discomfort associated 
with the wearing of such a device in the summer time and the consequent effects of in- 
creased perspiration and skin irritation. Indeed this is one of the objectionable features 
of the elastic bandages among patients who must wear the bandages for long periods 
during the hot summer season. It may be of interest to observe here that among patients 
who have had sympathectomy as part of the treatment because of associated excessive 
vasospasm, these objectionable features are greatly minimized, probably due to the ab- 
sence of sweating. 

Of particular importance in considering pressure dressing or elastic supportive 
measures in the treatment of postphlebitic leg ulcers is the fact that while such therapy 
is effective in providing healing of the ulcers, recurrences are common after it is dis- 
continued. The difficulty in this problem is the maintenance of healing. It is for this 
reason that we, like others, have attempted to use certain operative procedures, including 
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sympathectomy and other measures directed toward improving the local circulation and 
correcting venous insufficiency. In this connection it may be of interest to present briefly 
the results of a recent analysis of our experience with 246 cases of this kind with follow- 
up studies of six months or longer. Conservative measures alone with primary emphasis 
on pressure dressings were used in 57 per cent and operative procedures including sym- 


pathectomy were employed in the remainder. In the former group definite improvement 
was obtained in about 47 per cent of the cases, whereas in the latter such improvement 
was secured in about 57 per cent. This becomes even more significant when it is realized 
that the operative procedures were usually employed for the more severe cases while the 
conservative methods of therapy were most commonly applied to the mild cases. 





THE WALKING VENOUS PRESSURE TEST AS A METHOD 
OF EVALUATION OF VARICOSE VEINS 


EUGENE A. Wuirte, M.D.,* aNp RicHarp WARREN, M.D.,t West Roxsury, Mass. 


HERE are two causes of venous stasis of the lower extremity which are 

the result of local venous disorders. They are incompetency of the super- 
ficial or saphenous system of veins due to varices, and incompeteney of the 
deep or femoropopliteal system of veins due to damage of its valves by 
phlebitis... * The identity of local factors responsible for symptoms in venous 
stasis, namely, heaviness and fatigue, and those responsible for its eomplica- 
tions, namely, edema, pigmentation, and ulceration of the skin, have given rise 
to much speculation. Homans* has mentioned the lymphatie stasis which occurs 
after phlegmasia alba dolens. Thompson‘ drew attention to the role of infection 
particularly by fungi. Ochsner® has emphasized the damage caused by arterio- 
lar spasm during the more acute phase of the thrombophlebitic process. 
Blalock® seems to have ruled out successfully local anoxia of the venous blood. 
All, however, have known that, whether or not it is the direct cause of the 
complications, as Delbet’ thought and Mahorner’® has more recently emphasized, 
an abnormal venous pressure exists in venous stasis of the lower extremity. 

The exact definition of the derangement of venous pressure in clinical 
venous stasis was appreciated by Trendelenburg* and by Perthes,® and was 
measured quantitatively by Beecher’? and by Seiro.'’ Adams’? and Veal and 
Hussey'® have also thrown important light on the pressure defects in these 
conditions. 

If pressures are measured in the superficial veins there is no difference in 
venous pressures between normal extremities and those suffering from venous 
stasis when individuals are in the recumbent position or when they are upright 
and at rest. In the former situation the pressure is equal to the normal venous 
pressure of the individual, in the latter to that pressure plus an inerement 
represented by the hydrostatic pressure of the column of blood between the 
right auricle and the point tested. The abnormality in the extremity with 
venous stasis appears only on walking when the pressure in the superficial 
veins, due to valvular incompetency, falls very little or not at all, or even 
shows a slight rise. In the normal extremity a rapid fall takes place to a 
level represented by a point somewhere between the individual’s hip and knee. 

Veal and Hussey alone have measured pressures in the deep system. They 
have made the important observation that the pressure fluctuates during the 
step but that the mean pressure in the normal extremity does not rise or fall 
during exercise. In the extremity with deep venous obstruction, however, 
there is a progressive rise of pressure in the popliteal vein during exercise. 

Published with permission of the Chief Medical Director Department of Medicine and Sur- 


gery, Veterans Administration, who assumes no responsibility for the opinions expressed or 
conclusions drawn by the authors. 

Read at the third annual meeting of the Society for Vascular Surgery, Atlantic City, N. J., 
June 5, 1949. 

*Resident in Surgery, Veterans Administration Hospital, West Roxbury, Mass. 

;7Chief, Surgical Service, Veterans Administration Hospital, West Roxbury, Mass., and 
Associate in Surgery, Harvard Medical School, Boston, Mass. 
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In a previous communication we have described a test,'’ essentially a 
Perthes test whieh can be read in numerical values, in which these principles 
as they relate to the superficial veins are applied to the evaluation of clinical 


cases. 

In that communication the technique of the walking venous pressure test 
was demonstrated and average pressure values for three types of extremity, 
normal, varicose, and postphlebitic, were presented. If the zero point for 
measurement was taken as the resting erect venous pressure (REVP), the 
mean value for walking erect venous pressure (WEVP) was found to be —51.7 
em. in normal, —26.6 em. in varicose, and —1.8 em. in postphlebitie extremities. 
The mean values for walking with saphenous occlusion (WEVPSO) were —45.2 
em. in normal, -57.2 em. in varicose, and 0.7 em. in postphlebitie extremities. 
It was demonstrated in a group of postphlebitic extremities that femoral vein 
ligation did not consistently improve venous function as demonstrated by the 
test. There was also little evidence that obliteration of the superficial veins 
in these extremities would tend to do so. It is the purpose of the present report 
to set forth further observations on extremities with venous stasis with par- 
ticular reference to those suffering from pure varices of the saphenous system 
without involvement of the deep or femoropopliteal system. 

Over a two-year period, walking venous pressure tests were performed on 
119 extremities suffering from venous stasis. Of these, 21 were postphlebitie 
and 98 were purely varicose in origin. During the study we have attempted 
to answer several controversial questions which frequently appear in clinical 
discussions over such patients. 

Diagnosis of Pure Saphenous Varices.—Although the diagnosis of pure 
varices of the saphenous system can easily be made when there are no com- 
plications such as edema, pigmentation, or ulceration, the matter is not so 
simple when these signs are present. Several methods have been used in the 
past. Testing by the method of Trendelenburg, in which the speed of filling 
of the veins below a thigh tourniquet is noted when the limb is changed from 
the elevated to the dependent position, and by the method of Perthes, in which 
the speed of emptying of veins below a venous tourniquet in the thigh is 
noted when the patient walks, is often difficult to read in the presence of skin 
changes or edema. Fig. 1 presents the data on 21 postphlebitie extremities 
which were tested by the walking venous pressure method. In 11 of these 
21 extremities the generally accepted Perthes and Trendelenburg tests were 
not clear and the diagnosis was settled by the pressure readings. 

A history of past phlebitis is of help in making a presumptive diagnosis. 
It is not, however, completely reliable. This we have noted to be particularly 
true in patients who develop phlebitis following fractured femurs, in which 
the apparatus which immobilizes the fracture tends to conceal the acute episode 
of phlebitis and the subsequent swelling is attributed to ‘‘posttraumatic’’ 
edema and not to thrombosis. This occurred in 2 extremities of our group. 


The appearance of the limb is often taken as a means of making the 
diagnosis. We have found this method totally unreliable. Fig. 2 shows the 
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walking venous pressure tests on 7 extremities which had edema, pigmentation, 
and ulceration. These extremities would have been diagnosed by many on 
their appearance alone as being postphlebitic. The Perthes and Trendelenburg 
tests without benefit of direct venous pressures demonstrated competency of the 
deep system in 3 of these 7. The walking venous pressure method, however, 
was necessary to make the diagnosis in the other 4. 

Venography has been helpful but is not entirely reliable. Fig. 3 shows 
venograms of three types, one which demonstrates no filling of the femoral 
vein in the thigh, one which demonstrates poor filling, and one which demon- 
strates normal filling. The first and third patients had postphlebitic damage of 
the deep system as is evidenced by gross examination of the cross sections of the 
excised superficial femoral veins; the second extremity was purely varicose. 
All of the 15 venograms which we have performed in our group of 21 post- 
phlebitic extremities have shown either poor filling or no filling of the femoral 
vein. Even though the venograms have coordinated well with venous pressure 
findings in this group we have never felt confident that no filling or filling 
without visualization of valves may not be due to a temporary whim of a 
normal venous circulation as to which system, the superficial or deep, is going 
to accept all’ or part of the contrast medium. The walking venous pressure 
response is a test performed under functional conditions. 

Inspection of the femoral vein directly at the operating table is also not 
reliable. In 2 patients who received femoral vein ligation for postphlebitic 
stasis the external appearance and palpable consistency of the vein were normal. 
This was so much so that at the operating table we immediately feared that 
our preoperative walking venous pressure tests had misled us. Fig. 4, how- 
ever, shows the appearance these 2 veins presented when cut across and leaves 
no doubt as to previous thrombosis with later recanalization. The duration of 
time which had elapsed since the thrombotic episode cannot be used to explain 
the lack of expected reaction in the venous wall in either of these patients. One 
had had phlebitis 25 years, the other 3 years, prior to operation. Conversely, 
we have seen (Fig. 5) a patient with pure varicose veins who had so much 
secondary infection in the calf with chronic lymphangitis that the scarring 
about the femoral vein in the groin made it adherent to the femoral artery in 
a manner usually considereed to be characteristic of the postphlebitie condi- 
tion. Yet this patient’s walking venous pressures were characteristic of pure 
saphenous varices. 

We have considered, therefore, that the walking venous pressure test has 
given us a better method than any other of making sure that we are dealing 
with pure incompetency of the saphenous system. 

Diagnosis of Which Elements of the Saphenous System Are Involved.— 
Four of the extremities with pure saphenous incompeteney had varices which 
were maximal on the inner side of the leg in the area customarily thought to 
be the provinee of the long saphenous vein but which were demonstrated by 
test to be due entirely to incompeteney of the short saphenous vein (Fig. 6). 
It is true that in all these patients short saphenous vein incompeteney had 
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Fig. 4.—Two recanalized superficial femoral veins which were normal to external examination 
at the operating table. 


Fig. 5.—The normal femoral vein excised from a patient in the face of typical varicose pressure 
responses because of surrounding thickening. 
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been suggested by the Trendelenburg and Perthes tests prior to the walking 
venous pressure determinations. The direct measurements given, however, 
serve to establish this as a definite fact and to caution the unwary who might 
overlook incompetency of the short saphenous vein when the varices are on 
the medial face of the calf. There were 12 extremities which showed recurrence 
of symptoms after previous surgery here or elsewhere and received study by 
the walking venous pressure test. Five of them had definite incompetency of 
the short saphenous vein which had been presumably overlooked in the original 
preoperative examination. 

Incompetent veins communicating between the superficial and deep systems, 
other than internal and external saphenous veins, have been occasionally ob- 
served in the thigh. The type of extremity in which they occasionally become 
demonstrable is the one which has undergone long saphenous vein ligation 
high in the femoral triangle and which at a later date exhibits no fall in the 
walking venous pressure when digital occlusion is applied in this region but 
does show a fall in pressure when it is applied at the femoral condyle (Fig. 7). 
The incompetent communicator here is obviously in the thigh. 


We have not demonstrated incompetent communicating veins in the calf 
in the absence of incompetency of the deep system. Such incompeteney would 
obviously be demonstrated by a WEVP which failed to fall on occlusion of the 
long saphenous at the knee or the short saphenous at the popliteal space, but 
which fell on occlusion of the vein at some point in the calf. Of the 21 
extremities shown in Fig. 1 in which the pressure did not fall on saphenous 
occlusion at any point, diseased deep veins were demonstrated by pathologic 
examination of the specimens on all of the 14 patients who received femoral 
vein ligation. Of the other 7, 3 had had femoral vein ligation performed else- 
where, 2 had no filling of the deep system by venogram, and 2 had a suggestive 
history of phlebitis. 

Diagnosis of Important Varices.—The question often arises in the clinie as 
to whether varices which are not large or large veins which are not varicose 
are important enough to require surgical therapy. In a Veterans Hospital 
the motives which bring patients for treatment are often based more on the 
patient’s realization that the treatment is free of charge than on the severity 
of his symptoms. Subjective cosmetie considerations also tend to magnify 
mild symptoms, even in ex-soldiers. When we first tested such patients we 
hoped that a normal WEVP of approximately —50.0 em. would give us as- 
surance that even though the- patient had prominent veins they were not im- 
portant and surgery was not justified. This we have not found to be wholly 
true. Fig. 8 shows the tests on 7 extremities whose WEVP was within normal 
range. In these 7 extremities the symptoms, although not severe, were annoy- 
ing and appeared due to varices. Furthermore, in 6 instances they were 
improved by vein removal or ligation. It is to be noted in this group of 
pressures, however, that although the WEVP was in the normal range they 
differ from the normal in that in 6 of the 7 the WEVPSO represented an 
additional fall. Thus, there is definite evidence of slight incompetency. In a 
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Fig. 7.—Varicose veins of right leg for 10 years. 
admission. Symptomatic relief 2 years, then recurrence. The test indicates an incompetent 
perforating vein in the thigh. 
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normal extremity the fall on WEVPSO is customarily less than on WEVP. 
We are permitted to state, perhaps, that however great a fall may be shown 
by the WEVP, the vein is nevertheless partially incompetent if saphenous oc- 
clusion causes the pressure to fall still further. 

In none of the extremities with small varicose or large nonvaricose veins 
the WEVP of which has been in normal range have there been complications, 
namely, edema or skin changes. We believe that the extremity which has an 
increased volume and weight of blood may have symptoms of fatigue even 
though vigorous walking may lower the pressure to normal levels. So long as 
such a pressure response is present, however, it is logical to believe that the 
extremity is insured against complications. This consideration might make a 
ease for simple vein ligation without other procedure in elderly or debilitated 
patients in whom vein removal is feared because of the necessity of a general 
anesthesia or the possibility of a deep thrombosis. To support this is the very 
eommon history procured from patients who have recurrent symptoms following 
high saphenous ligation, namely, that the ligation relieved symptoms ‘‘for a 
year or two’’ before they recurred. 

Of the patients with varicose veins whom we have treated, a great many 
have had some structural skeletal defect. The most common of these has been 
pes planus. Others have been obesity, old fractures, and arthritis of the hip or 
knee. The presence of a relatively normal WEVP in many of these patients 
has served to emphasize the fact that factors which cause disordered mechanics 
may demand a priority for treatment which is at least equal to that of the 
varices. 

Protection Against High Pressure Caused by Straining—Adams' ob- 
served that after saphenous vein ligation the pressure in the vein rose during 
straining to only one-half the height that it did before ligation (114 mm. of 
mereury as compared with 224 mm. of mereury). We have made many attempts 
to test the effect of straining, but have been unable to develop a satisfactory 
standard technique. Different individuals differ in their ability to hold their 
breath, to exert a uniform straining pressure over a fixed time, and to avoid 
using leg muscles which will cause pressure falls during the straining. Results 
on 30 tests were so variable that no accurate readings can be reported. Our 
impression is, however, that the height of venous pressure attendant on strain- 
ing in the resting erect position is more directly proportionate to the straining 
force exerted than to the degree of competency of the veins in the lower 
extremity. It is immediately obvious, however, that the extremity with normal 
veins can, by muscular action, reduce such pressures rapidly to or below normal 
after straining has ceased, whereas the pressure in the extremity with ineom- 
petent veins reaches normal REVP only slowly after straining ceases and by 
definition falls little below that level. Thus, the time that the increased pres- 
sures are at work is considerably greater in the latter instance. We do not 
believe that ligatures placed on main venous trunks act primarily as dams 
against excessive pressures from above. If they are beneficial at all in prevent- 
ing the noxious effects of straining they do so by improving the general venous 


function of the limb. 
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Therapeutic Considerations —During a 3-year period at the Veterans Ad- 
ministration Hospital at West Roxbury, 302 patients with varicose veins were 
treated. Of these, 235 have been operated upon; 67 were treated conservatively. 
Of those operated upon, 260 extremities were involved, 125 of which received 
simple ligation and 135 had part or all of the venous system removed by 
excision or stripping. Injections have been performed only in rare instances. 
Table I demonstrates the preoperative WEVP and WEVPSO in a selected 
group of extremities on which venous pressure determinations were made and 
compares this reading with the WEVP shortly after ligation or removal of the 
veins. In each case the predicted response occurred in the early postoperative 
period. Fig. 9 shows a group of tests performed 4 months or more after 
surgery and compares them with the early postoperative WEVP. 

It is to be noted that the responses tend to be slightly better following 
stripping procedures than following ligation. Results following stripping or 
stherwise removing veins have been so satisfactory that the revival of this 
treatment by Linton'* must be considered as a definite contribution. We now 
perform it in all patients with varices which are symptomatic or large. In 
small varices, however, we make a special point of searching carefully for 
struetural, postural, or mechanical abnormalities which may be responsible for 
symptoms. If any are found they are corrected before the veins are removed. 


TIE WALKING VENOUS PRESSURE TEST BEFORE AND AFTER SURGERY FOR 


TABLE I. 
PURE VARICOSE VEINS 











DIFFERENCE BETWEEN 











POST- WEVP POSTOPERATIVE 
PREOPERATIVE OPERATIVE AND 
OPERATION WEve | WEVPSO | WEVP WEVPSO PREOPERATIVE 

Lig.* high-low —38 —58 -50 + 8 
Lig. high-low-short —23 68 —58 +10 
Lig. high-low —10 —48 48 0 
Lig. high-low-short —25 40 -18 +22 
Lig. short —35 —d5 —44 +11 
Lig. short -11 —d5 —40 +15 
Lig. short —22 —33 46 -13 
Lig. high-low-short —35 -61 —66 ~§ 
Lig. high-low-short - 9 —22 55 —31 
Lig. high-low-short —-15 —45 —49 - 4 
Lig. high-low —10 —60 —58 1 2 
Lig. high-low -12 —48 —43 +5 
Lig. high-low and excision —28 —68 —60 +10 
Lig. high-low —38 —48 ~50 =< 
Lig. short ~-11 —42 —58 -16 
Strip.t thigh, lig. calf —24 -76 —69 -¢ 
Strip. thigh, lig. calf —2] —69 -7] -2 
Strip. short —50 -72 —68 +4 
Strip. short 47 -t7 —82 - 3d 
Strip. long —56 —49 —53 -4 
Strip. long —40 —65 —70 - § 
Strip. long -14 —59 —60 — 
Strip. long —48 —48 —50 » Z 
Strip. long ~7 +0) —40 0 
Strip. long —30 73 —82 -9 
Strip. long -17 —d2 ~d7 - 5 
Strip. long - 4 —d4 -55 « % 





*Lig., ligation. 
7Strip., stripping. 
_ The results following stripping as measured by the walking venous pressure test were more 
predictable and less disappointing than after ligation alone. 
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Asymptomatic, medium or small varices can be left unmolested. Small varices 
which accompany postphlebitie stasis we also consider are better left alone 
unless the walking venous pressure test demonstrates that removal will be 
beneficial. 

Walking venous pressure tests are not performed on all patients with 
varices. We confine them to patients in whom we desire to determine the 
competency of the deep system, to those extremities which have recurrence 
after previous surgery, and to those whose symptoms are out of proportion to 
the extent of the varicose state. We consider that if walking venous pressure 
tests are not used the best method of testing is by the Perthes rather than by 
the Trendelenburg test. The former test is more functional. It is simpler to 
perform in that changes in position on the part of the patient are not involved. 
If it is used we consider digital occlusion to be a better method of eutting off 
the saphenous vein than a tourniquet around the thigh. Fig. 10 demonstrates 
that a tourniquet around the thigh may, not only in a postphlebitie extremity 
but also in a varicose extremity, constrict useful venous return whereas the 
finger pressing on one of the main trunks does not. 


SUMMARY AND CONCLUSIONS 


1. The walking venous pressure test which measures the fall in pressure 
in the superficial veins of the lower extremity during walking is of great value 
in ruling out incompetency of the deep veins in situations where more conven- 
tional tests are difficult to evaluate. 

2. In patients with pure varicosities of the superficial system it is also 


of value in mapping out sites of incompetency, particularly where previous 
surgery has been done. 

3. It is of help as an additional examination in demonstrating whether 
small varicose veins or large nonvaricose veins are symptomatic. 

4. The test is not recommended for routine use in all uneomplicated 


saphenous varices. 
5. Ligation or stripping of superficial veins gives postoperative pressure 
values which are predictable by preoperative tests. 
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DISCUSSION 


DR. J. ROSS VEAL.—I agree with Dr. Warren that the commonly used ‘‘ tourniquet 
tests’’ for determining the competency of the venous circulation of the lower extremities 
are too often inconclusive. Dr. Hugh Hussey and I have demonstrated that many patients 
with venous insufficiency were in a state of compensation during rest and in the supine 
position and that decompensation occurred only during functional positions and exercise. 
At that time we devised a method of determining the venous pressure changes in the deep 
and superficial veins during exercise in the erect position. A characteristic declining curve 
was obtained in the normal subject for the deep and superficial veins. An entirely different 
eurve was demonstrated when there was obstruction or valvular incompentency of the 
major veins. In this group the pressure rose during exercise and slowly returned to the 
base line during rest. When deep venous insufficiency existed we found intravenous pressure 
determination of the superficial veins gave a wide fluctuating curve; however, when a 
tourniquet was applied about the thigh to constrict the superficial veins then we obtained 
the typical insufficiency curve. 

In questionable cases we have been able to differentiate edemas of the extremities due to 
venous insufficiency from the nonvenous forms. 

Now Dr. Warren has further demonstrated that venous pressure measurements made 
in the erect position and during walking provide the most accurate test for even mild 
incompetency of the deep veins. His application of the test in determining the type of 
treatment needed is most interesting. 

I am sure this test will find a most valuable application in the evaluation of the 
venous circulation in compensation cases. The usual tests and even venograms have too often 
given the wrong impression and some patients who are entitled to a disability rating have 
been classified as having adequate venous circulation. Through the use of the walking 
venous pressure test as described by Dr. Warren a correct evaluation of the venous 
circulation can now be determined. 





A FOLLOW-UP STUDY OF PATIENTS WITH THROMBOANGIITIS 
OBLITERANS (BUERGER’S DISEASE) 


KENNETH N. CAMPBELL, M.D.,* Derrorr, Micu., AND BrapLeEy M. Harris, M.D., 
AND FREDERICK A. CoLLER, M.D., ANN ArRBor, MICH. 


(From the Department of Surgery, University of Michigan, Ann Arbor, Mich.) 


URING the period 1934 to 1948 inclusive, a diagnosis of thromboangiitis 

obliterans (Buerger’s disease) was made on 283 patients at the University 
Hospital. It was felt desirable to study these patients in the form of a follow-up 
analysis in an attempt to evaluate the result of the various forms of therapy 
which had been employed and, more important, to determine the ultimate prog- 
nosis in comparison to other previously reported series of patients with this 
disease.'» *» ° 

Of the total number of patients on whom the diagnosis of thromboangiitis 
obliterans had been made, 149 were ultimately selected on the basis that they 
fulfilled the accepted criteria, and had an adequate record in which sufficient 
data, such as a pathology report on removed tissue, was available further to 
substantiate the original impression, The original diagnosis had been excluded 
in a large number of these patients by examination at a later date, death with 
autopsy analysis, ete. In some, the presence of all peripheral pulses and the 
absence of the usual signs and symptoms of thromboangiitis obliterans mitigated 
against this diagnosis. The disease was undoubtedly present in some of the 
excluded patients in this series, but certainly in a small minority. 

Of those patients selected for study (149), a 100 per cent follow-up analysis 
was achieved through a written reply to a questionnaire sent to and obtained 
from the patient (if living), from friends or relatives (if dead, including death 
certificate reports), and, in many instances, return visits to the outpatient clinic 
for examination and evaluation. The factual data recorded in each case were 
of such a nature as to allow a complete review of the course of the patient’s 
disease and response to various forms of therapy prior to, during, and subsequent 
to study and treatment at the University Hospital. 


GENERAL DATA 


Of the 149 patients in this series, 147 were males and 2 were females. In 
the latter 2 cases, pathologie confirmation of the diagnosis was obtained. Only 
1 patient in the entire series had diabetes mellitus, and only 20 (13.6 per cent) 
of the patients were Jewish. The extremities involved by thromboangiitis 
obliterans during the course of the patient’s disease were as follows: In 123 
patients, the lower extremities alone were involved. Of these, 70 developed the 


disease bilaterally; 28 had involvement of the right lower extremity, 25 of the 

Presented, in part, at the third annual meeting of the Society for Vascular Surgery, 
Atlantic City, N. J., June 5, 1949. 
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fessor of Surgery, University of Michigan, Ann Arbor, Mich. 
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left lower extremity. In 22 patients the disease was present in an upper 
extremity in addition to the lower extremity. In 2 patients, the right upper 
extremity alone was the site of the disease; in 1 patient, the upper left extremity ; 
and in 1 other patient the vascular involvement was present in both upper 
extremities and absent elsewhere. In 5 eases, a definite family history of 
Buerger’s disease was obtained. 

These figures are strikingly similar to the pattern of the disease as originally 
reported by Buerger® with the exception of the racial incidence. 

The average age of onset of the disease in the patients in this series was 
34.9 years with the youngest patient giving a reliable history of onset at the 
age of 15 years. The oldest age of onset of symptoms was 53 years, and in this 
patient the signs, symptoms, and findings were so classical that despite the possi- 
bility of a mixed form of vascular disease, he was included in this series. In the 
follow-up analysis, however, it was found that the statement of the patient as 
to the exact year of onset varied with that reported in the record of the patient. 
It was the impression of the authors that the disease, in many eases, had its onset 
at a time interval earlier than that reported by the patient. 

These patients, when first seen, had an average age of 38.3 vears. There was 
an average of 3.8 years between the onset of symptoms and the time they were 
first seen at the University Hospital. All patients were referred by other 
physicians. In 2 instances in the follow-up analysis, the patient had visited 
over 100 different physicians during the course of his illness. 


SIGNS AND SYMPTOMS 


Classical signs and symptoms of arterial occlusive vascular disease were 
present in practically all of the patients in the series being reported, inasmuch 
as they represented a rather well-advanced group with thromboangiitis obliterans. 
Many of the patients had been previously hospitalized, the largest number of 
admissions to a hospital for a single patient being 36. 

Coldness of the involved extremity, symptomatic or clinical, was present in 
126 of the 149 patients at some time in the course of their disease. This symptom 
and sign was absent in 16 patients, and no record was obtained in 7 others. 
Raynaud’s phenomena was present in 24 cases and could be elicited by exposure 
to ice water in every instance. All 24 of these patients had well-established 
organic changes in the digits and definite evidence of occlusive arterial disease. 

Pain in the involved extremity was present in 143 of the 149 patients. It 
was absent in 4 cases, and no record was obtained in 2 eases. The pain was 
usually classified as constant, intermittent, nocturnal, rest pain, paresthesia, or 
pain of a neuritic type. Constant pain and severe rest pain appeared to con- 
tribute significantly to a poor prognosis inasmuch as this type of pain was 
present in practically all patients undergoing a major amputation. Pain relieved 
by local nerve block and/or sympathetic block in most instances responded 
favorably to treatment. 

Intermittent claudication, one of the most helpful criteria in establishing 
the diagnosis, was present at some time in the course of the disease in 97 of the 
149 patients. It was absent in 43 patients, and no record could be obtained in 
9 others. Sixty-eight of the 97 patients had bilateral intermittent claudication, 
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a figure in keeping with the more frequent site of involvement in the lower 
extremities, and the well-advanced state of the disease present in the patients 
in this series. 

Uleeration of a digit, foot, leg, or amputation stump was present in 74 
instances. Frequently, the ulceration was the site of previously established 
gangrene or had developed following amputation of a phalanx or digit. There 
was an associated infection, deep or superficial in 76 instances, an ulcer being 
present in most but not all of these patients. Surface involvement by superficial 
infection was present in 29 patients, infection of the deeper tissues (spreading) 
in 12, and in 20 clinical and roentgenologie evidence of osteomyelitis which varied 
greatly in severity and extent. 

Established gangrene of an involved part was present at the time of ad- 
mission in 45 of these patients. The extent and location of the gangrenous 
process varied from a dry minute involvement of a digit to massive moist gan- 
grene of a foot. In those patients with a dry gangrene of limited extent in a 
digit, the prognosis held favorably while under continual care. The outlook 
over the entire course of the disease in such instances was unfavorable and 
particularly so if the patient continued the use of tobacco in any form or failed 
to return to his physician frequently for observation and care, In the interval, 
1940 to 1948 inclusive, it was found necessary to perform a major amputation 
of an extremity (foot or leg) at the University Hospital in only 6 instances. 
In 4 of these 6 patients, the disease was beyond conservative management at 
the time of admission, and in the remaining 2 instances, sympathectomy had been 
performed as a last chance gesture for far-advanced thromboangiitis obliterans 
with gangrene. In the last 3 years of this study, no major amputation for 
Buerger’s disease was performed. In the last 8 years, if the condition of the 
patient allowed conservative management at the time he was seen, major am- 
putation was practically never necessary while the patient remained under 
rigid supervision. 

Visceral involvement by thromboangiitis obliterans has been reported at 
infrequent intervals and proved in extremely few instances. Suggestive but not 
proved evidence of visceral involvement was present in 43 of the patients in 
this series. These included (by location) 1 renal, 17 cardiac, 7 splanchnie, 5 
ophthalmie, 13 cerebral. Since the evidence was inconclusive in every instance, 
little importance other than the tendeney to have ‘‘vascular’’ involvement can 


be attached to these figures. 


SUPERFICIAL MIGRATORY PHLEBITIS 


The incidence of superficial migratory or nodular phlebitis was 50.7 per 
cent in this series of 149 patients, 76 patients having either definite clinical find- 
ings, history, or pathologic confirmation. This incidence is somewhat higher 
than other reported series, but may merely reflect the exclusion of patients from 
the series in whom the diagnosis of Buerger’s disease was considered doubtful 
and the inclusion of those patients who fulfilled rather rigid criteria. The upper 
extremity was the site of involvement in 5 patients, the lower extremities in 62, 
and 9 patients had superficial phlebitis involving both upper and lower extrem- 
ities (Table T). 
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Of somewhat greater significance was the finding that definite superficia! 
migratory phlebitis preceded the signs and symptoms of arterial occlusion in 
16 patients, coincided with the onset in 46 patients, and followed the develop- 
ment of vascular occlusion (arterial) in 12 others. The time interval relation 
ship could not be determined in 2 instances. The phlebitic manifestations wer 
found to precede the signs and symptoms of arterial occlusion in 16 patients 
by an interval as short as 6 months and as long as 72 months. On the other 
hand, some patients did not develop any phlebitic manifestations for an interval 
of 30 years after the manifestations of arterial occlusion. The important point 
to be made, it would seem, is that in a young male patient with superficial or 
nodular phlebitis, careful consideration should be given to the possibility that 
the patient is potentially a candidate for Buerger’s disease. In such an instance, 
an early diagnosis and careful follow-up would be well rewarded by a satis- 
factory result of treatment. 


TABLE I. SUPERFICIAL PHLEBITIS, INCIDENCE* 








Total patients, 149 
Patients with phlebitis, 76 
Upper extremity 
Lower extremity 
Both 
Preceding the signs and symptoms 16 
of arterial occlusion 
Coincident with vascular occlusion 46 
Following vascular occlusion 12 


Not determined 2 


*Data relevant to the incidence and time of occurrence of superficial migratory thrombo- 
phlebitis in patients with thromboangiitis obliterans. 





The superficial phlebitic process in most instances served as an excellent 
guide to the activity of the underlying vascular occlusion. The presence of 
superficial phlebitis did not mitigate against a good prognosis with the exception 
that in those patients in whom frequently recurring crops of phlebitic nodules 
tended to develop, persist, and migrate, the outlook concerning major amputa- 
tions was poor in every instance, in the ultimate follow-up analysis. 


PROGNOSIS WITH RESPECT TO AMPUTATION 


In the 149 patients subjected to a follow-up analysis (1934 to 1948), 68 
patients (45.6 per cent) were found to have submitted to one or more amputa- 
tions during the course of their disease. Although this figure at first glance is 
not greatly at variance with the analysis of Horton in 1938, which would suggest 
that the prognosis as measured by amputation had not greatly changed in the 
past decade, more critical analysis of true relationship demonstrates that con- 
siderable improvement in the prognosis has been obtained. Horton, in a study 
of 948 separate patients with Buerger’s disease, followed between 1907 to 1937 
(80 per cent follow-up analysis), found that 401 of these patients underwent 
amputation and that 69 per cent of the amputations involved the loss of a major 
portion of the extremity (foot, leg, hand). Between 1918 to 1927, 71 per cent 
of the amputations were major in nature; 1928 to 1937, 63 per cent; and 1933 
to 1937, 48 per cent so that a definite improvement in prognosis based on ampu- 
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tation had oceurred. He also found that during the first 3 years of the disease, 
694 patients had 215 amputations (31 per cent) and 69 per cent did not require 
amputation. During the first 5 years of the disease, 628 patients had 248 ampu- 
tations (39.5 per cent) and 60.5 per cent did not require amputation. During 
the first 10 years of the disease, 334 patients had 202 amputations (59.9 per 
cent) and only 40.1 per cent escaped amputation. 

Silbert (1935)? reported a much more favorable prognosis with respect to 
amputation in a personal series of 524 eases followed over a 10 year interval, 
the incidence of amputation being 7.6 per cent. In a previous survey by Silbert 
(1930), 464 patients followed in the first 5 years of their disease demonstrated 
that 64 per cent had undergone an amputation. He later estimated that under 
any circumstances amputation was apparently unavoidable in about 3.5 per cent 
of all cases. Silbert? also recorded the remarkable observation that in 309 
patients followed 2 to 10 years, no amputations were necessary if the patient 
had discontinued smoking. 

In the present series, the patients undergoing amputations were divided into 
three groups for more critical analysis (Table II). Group II comprised 25 


separate patients undergoing some form of amputation at the University Hos- 
pital and, in addition, 6 patients from Group I. Group III comprised 16 patients 
having their amputations done elsewhere after leaving the University Hospital 
in addition to 10 patients from Groups I and II. Thus, a total of 68 patients 
participated in the amputation group one or more times, the greatest number 
of amputations in a single patient being 34, and 30 in 2 instances. 


Table IIT 


TABLE II. MAJOR AMPUTATION,* DATE AND INCIDENCEt 








GROUP III 
(SUBSEQUENT ) 


GROUP I GROUP II 
(PRIOR) (UNIVERSITY HOSPITAL) 





1925 to 1929 2 
1930 to 1934 0 


1935 to 1939 6 
(4.02% entire 
series, 149 pts. 


14.2% major amp. ) 
(4.7% major amp.) 


1940 to 1944 é 4 


1945 to 1948} 2 2 


(45.2% 
entire group) 


2 
5 





Patients 12 14 


16 





*Refers to primary procedure involving 39 separate patients. 


(3) involved separate loss of extremity. 


Major amputations in 39 separate patients. 


per cent of the entire group participated. 


tNo major amputation, last 2 years at University Hospital. 


TABLE IIT. 


PATIENTS UNDERGOING AMPUTATIONS* 


Any secondary procedure 


Note that in the interval 1935 to 1939, 45.2 








PRIOR TO 
BEING SEEN, 
GROUP I (27) 





UNIVERSITY 
HOSPITAL, 
GROUP II (25 & 6) 





SUBSEQUENT 
ELSEWHERE, 
GROUP III (16 & 10) 





9 


Fingers 2 
Toes 19 
Foot 2 
Legs 10 
Arms 0 


3 
17 
0 
14 
0 


6 
7 
0 
16 


1 





*Amputations carried out prior to, during, and subsequent to therapy at the University 


Hospital. 
participating from the previcus group. 


The figures listed under the various groups include separate patients, plus those 
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illustrates the data with respect to the part involved, time of amputation, ete. 
A re-analysis of the data was of interest in that for the patients coming under 
our own care and requiring amputation, only 10.06 per cent of the entire series 
participated. Further, if we exclude those individuals who had an amputation 
prior to visiting the University where additional procedures were necessary, 
this figure drops to 7.38 per cent. In other words, where the use of conservative 
procedures was possible, the prognosis was very favorable in our own experience 
with the patient. 

Furthermore, an analysis of the year in which the amputations were carried 
out was of some interest. For this purpose, only major losses of a part were 
included. Table II illustrates the fact that in the years 1945 to 1948, only two 
major amputations were necessary and that between 1940 to 1948, only 6 cases 
required major amputations, or 4.02 per cent. All of these occurred, in addition, 
in individuals already beyond aid of conservative measures when first seen. 
Such an analysis, however, does not change the over-all amputation rate for the 
entire series (45.6 per cent for all amputations, 26.05 per cent for major am- 
putations), when consideration of prior and subsequent treatment is considered. 
Of considerable importance, however, is the marked lowering of the amputation 
incidence when such patients are treated intensively by an interested group of 
physicians in one institution. Such a deduction is supported by the reports of 
Silbert and Allen‘ and others. In addition, within the past few years (1940 to 
1948), the incidence of major loss of a part has steadily declined although the 
majority of patients with thromboangiitis obliterans in this series were seen 
during this interval. The addition of chemotherapeutic and antibiotic agents 
to the therapy being employed has undoubtedly lessened the number of secondary 
amputation procedures following the removal of a phalanx or digit because of 
the superior control of attendant infection. These agents have also prevented, 
in many instances, the development of gangrene secondary to infection. 

Lastly, it is becoming more apparent, just as in the patient with arterio- 
sclerotic gangrene, that the senior surgeon should concern himself more with the 
local amputation procedure (digit) and less with the supracondylar removal of 
the extremity. Experience and precise judgment in the removal of a digit may 
preclude a later necessity for higher amputation. 


ANALYSIS OF PATIENTS WHO UNDERWENT SYMPATHECTOMY 


Thirty-eight of the 149 patients (25.5 per cent) in this series underwent 
either lumbar, dorsal, or a combined sympathectomy, the largest number being 
of the lumbar type (Table IV). Thirty-one of these procedures were carried 
out at the University Hospital, and 7 were done elsewhere. In this analysis, 
the value derived from this operative procedure was arbitrarily classified as 
good or excellent, if relief of major symptoms occurred and amputation was not 
necessary over a 2-year interval or longer; fair, if the majority (but not all) 
of the major symptoms were for the most part alleviated and major amputation 
was not necessary during a 2-year interval or longer; and poor, if symptom 
abatement failed to occur or loss of a part was necessitated. It is realized that 
such a classification is distinctly an arbitrary one. The time interval chosen, 





Volume 26 THROMBOANGIITIS OBLITERANS ( 
es THROMBOANGIITI BLITERANS 1009 


TABLE LV. FoOLLOw-ur ANALYSIS OF PATIENTS WHO UNDERWENT SYMPATHECTOMY AT SOME 
TIME IN CourRSrE or THEIR DISEASE 








— TOTAL UNIVERSITY HOSPITAL ELSEWHERE 
Patients 38 31 7 
% series 25.5% 
Value of sympathectomy 
Good (14) 13 

Fair, poor (24) 18 
Amputation necessary 16 (42.1%) (10 following operation) 
Result: 








Prior to 1935 1986 to 1940 1941 to 1945 1946 to 1948 Total 
Good 5 § 14 
Fair : 13 
Poor 7 é : 11 
Total oe — a 38 














2 years, was selected as representing the period during which the operative 
procedure should have allowed the patient better development of collateral 
circulation and fewer painful complaints with reference to the disease. 

On such a basis, 14 of the 38 patients evidenced a very satisfactory response 
to their sympathectomy, and the remaining 24, a fair or poor response. Ulti- 
mately, in the course of the disease, 16 of the 38 patients (42.1 per cent) lost 
a portion of an extremity by amputation although all of these were not neces- 
sarily related to the area previously sympathectomized. Ten patients under- 
went amputation relatively soon after the sympathectomy. 

Such factual data do not necessarily represent the results of sympathectomy 
in patients with Buerger’s disease, because of the large number of modifying 
or qualifying factors present in each ease. 

In the opinion of the authors, many of the procedures were performed much 
too late in the course of the disease, not occasionally as a last chance gesture 
for the patient, and occasionally in patients not under good management. 

In our own opinion, the choice of performing a sympathectomy in patients 
with thromboangiitis obliterans should be primarily related to the course of the 
disease; that is, the race between episodal progressive vascular occlusion on the 
one hand, and the development of collateral vascular channels on the other hand. 
Given a sufficient time interval of freedom from further vascular occlusion or 
an enhanced development of circulation in the smaller vessels following opera- 
tion, then the patient should demonstrate obvious benefit. The judgment as 
to the time at which a sympathectomy should be performed will then obviously 
be modified by the experience of the surgeon and other factors. If sympathec- 
tomy is to be of value in saving part or the whole of an involved extremity, it 
is our opinion that it should be performed early in the course of events and that, 
in addition, a bilateral procedure should be given every consideration. 

In addition, since the vascular lesion in thromboangiitis obliterans tends 
to involve large and medium-sized vessels, it is logical to assume that if large 
or medium-sized collateral channels are established early (and certainly this 
would be influenced by sympathectomy) the extent of the vascular occlusion in 
turn would have to be greater to produce a vascular insufficiency in the 
extremity. 
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DATA RELEVANT TO THE USE OF TOBACCO 

One of the most important, if not the most important, measures in the treat- 

ment of occlusive peripheral vascular disease is the cessation of the use of 

tobacco in any form by the patient. Silbert has reported the interesting observa- 

tion that he has never seen a patient with Buerger’s disease who did not use 

tobacco in some form. In the present series of 149 patients only 1 recorded 

and verified instance of the patient never having used tobacco was obtained 
(Table V). 


TABLE V. Data RELEVANT TO THE USE OF ToBACco (130 RECORDS) 








Number of patients in series 149 
No record of use of tobacco 3 
Record of never using tobacco l 
Follow-up Analysis 
Ceased smoking 33 
Partially ceased 26 (5 dead) 
Still smoking 67 
Living patients (121) still using tobacco 88 








On the follow-up analysis, 33 patients reported in writing that they had 
ceased smoking. Of the 121 living patients, 88 still used tobacco in some form 
despite the repeated admonitions they had received from various physicians 
during the course of their illness. Five patients (dead on follow-up) had con- 
tinued smoking prior to their death. Of the 33 patients who had ceased smoking, 
practically all had experienced satisfactory progress in the amelioration of the 
disease with long intervals between periods of further episodal vascular occlusion. 
The amputation incidence in these non-smoking patients following the cessation 
of smoking was negligible. 

Such findings are merely in keeping with the previously reported findings 
of other authors.” * Maddock, Maleolm, and Coller have also reported the inter- 
esting observation that cigarette smoking by Jewish males produces a greater 
change in skin temperature than in gentile males, which might account for the 
greater prevalence of thromboangiitis among Jews than other elements of the 
population. 

The cessation of smoking in patients with vascular disease obviously needs 
further emphasis. 

ANALYSIS OF 28 DEATHS IN A SERIES OF 149 PATIENTS WITH 
BUERGER’S DISEASE 


Twenty-eight of the 149 patients were reported dead on follow-up analysis 
(Table VI). Although the exact cause of death was obtained in many instances, 


TABLE VI. CAUSE OF DEATH, 28 PATIENTS 








CAUSE OF DEATH NUMBER OF PATIENTS 
Death due to vascular disease 21 (Coronary thrombosis, 
heart disease, apoplexy, 
pulmonary embolism) 





Accidental death, suicide 
Cancer of lung 
Fecal fistula, appendectomy 
Pneumonia, nephritis 

Total 
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from death certificates, the data obtained were in general in keeping with 
previously reported observations.t Seventy-five per cent of the 28 deaths 
resulted from some form of vascular disease or its complications including 
coronary thrombosis, unspecified heart disease, apoplexy, pulmonary embolism, 
ete. The remaining deaths were attributable to suicide (3), cancer, and other 
unrelated causes. In general, the tendency of these patients to develop other 
types of so-called vascular lesions was noticeable. 

A detailed analysis of the average age and duration of the disease in the 
patients dead on follow-up was of some interest (Table VII) in that the average 
duration of the disease when the patient was first seen was identical to that of 
the patients still living (3.9 years). The average total duration of the disease, 
however, was 8.32 years, the average age at death being 43.71 years, or approxi- 
mately 5 years greater than the average age in the entire series. The relatively 
young average age at death would appear to be in keeping with the tendency 
of these patients to develop other vascular lesions. No proof was obtained in 
any instance that visceral involvement by thromboangiitis obliterans was the 
eause of death. 


TABLE VII. ANALYSIS OF 28 DEATHS IN A SERIES OF 149 PATIENTS WITH 
THROMBOANGIITIS OBLITERANS 








Deaths in series 28 (18.7%) 

Average age at time of death 43.71 yr. 

Average age at first visit 39.28 yr. 

Average duration of disease at first visit 3.90 yr. (2.92 if we exclude 
1 patient, 30 yr.) 

Average total duration disease 8.32 yr. 

Average survival time after University Hospital 4.43 yr. (1 wk. to 15 yr.) 

Patients alive at termination follow-up 121 (81.2%) 

Average age when first seen (149) 38.3 yr. 

Average age onset entire series 34.4 yr. 

Average duration when first seen (149) 3.9 yr. 

121 living patients, age of onset 37.97 yr. 

121 living patients, duration disease when first seen 3.70 yr. 








GENERAL DISCUSSION 


A statistical analysis of patients with thromboangiitis obliterans, while of 
interest from the viewpoint of prognosis, fails to bring to light in numerical 
fashion many of the more important features of the disease and the type of 
patient in which it oceurs. 

In the present series, a firm impression of the importance of psychosomatic 
factors, both from the standpoint of etiology and perpetuation of the disease 
was obtained. This was felt to be of sufficient importance to warrant a separate 
report on this phase of the disease. Many of the patients were frequently mar- 
ried and divoreed, many exhibited a belligerent-bellicose type of personality 
with a noticeable tendency to refuse to carry out in detail the advice of the 
physicians they consulted. The data relevant to the use of tobacco are of 
interest in this respect. Several of the patients had developed drug addiction 
which was exceedingly difficult to control, It appeared to us that patients with 
Buerger’s disease are more prone to have accidents with resultant injury to the 
extremities than the average individual. Many of the patients had recurrent 
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episodes of phlebitis or further vascular occlusion while under obvious stress 
from environmental factors, such as difficulties at home, financial worries, lack 
of employment, ete. 

While such features do not lend themselves readily to statistical analysis, 
they do represent an important series of impressions obtained from an analysis 
of the entire course of the disease in a carefully surveyed group of patients 
with Buerger’s disease. 

SUMMARY 

1. A 100 per cent follow-up analysis of 149 patients with thromboangiitis 
obliterans is reported. 

2. The ultimate prognosis, based on amputation, was not greatly different 
than in previously reported series (45.6 per cent) when consideration was given 
to treatment previous to being seen and subsequent to discharge. 

3. Superficial migratory thrombophlebitis may precede the clinical develop- 
ment of occlusive arterial lesions in these patients. 

4. It would appear that if sympathectomy is to be employed in treatment 
it should be carried out early in the course of the disease. 

5. While these patients remain under rigid supervision by an interested 
group of physicians, the prognosis appears to be very favorably influenced, the 
percentage of patients having major amputations being reduced to a minimum. 
No major amputations were necessary in the last 2 years of this study at the 
University Hospital, although a considerable number of these patients were 
treated during that interval. 

6. The large majority of the living patients on follow-up analysis had failed 
to cease using tobacco. 

7. Psychosomatic factors appear to play a definite role both in the etiology 
and the perpetuation of the disease. 

8. More exact criteria for amputation and sympathectomy are desirable in 
patients with thromboangiitis obliterans. The dissemination of such information 
is of paramount importance in the treatment of patients with this disease. 
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DISCUSSION 


DR. W. G. MADDOCK.—This presentation by Dr, Campbell has brought out figures and 
facts that fit in with the findings from other reviews of thrombo-angiitis obliterans, and 
[ agree with him entirely on most of his statements. 
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I think the diagnosis of Buerger’s disease is made too often. It is a disease of rela- 
tively young adults, beginning almost always by the thirties, the average age of Dr. Camp- 
bell’s series being about 35 years. It is seldom, I think, that one should make the diag- 
nosis of Buerger’s disease when a patient has the onset of symptoms after 45 years of 
age, since only rarely does Buerger’s disease begin after that time and one should then 
think of the much more common peripheral arteriosclerosis. 

Occasionally, arteriosclerosis will begin before 45, but usually there are other indica- 
tions in the patient of a degenerative cardiovascular lesion, such as hypertension, coronary 
disease, or apoplexy. I use the onset age of 45 as a rough dividing line in considering the 
differential diagnosis of Buerger’s disease or arteriosclerosis. Of course, there are other 
symptoms and signs that help to distinguish between the two diseases. 

Whatever the diagnosis is, the patient with chronic peripheral arterial deficiency will 
be difficult to treat, and it will be necessary to use every means at hand to save an 
extremity or return the individual to useful living. Those individuals are just as crippled 
as the patient with heart disease. 

I agree that sympathectomies should be considered as conservative treatment in the 
handling of peripheral vascular deficiencies. I do not believe that the commonly employed 
tests of typhoid injection, or peripheral nerve block, or a sympathetic block should be the 
only indicator in deciding whether a sympathectomy will be of value in a patient with a 
threatened limb loss, and I am willing to advise the operation on patients even when the 
tests are not too favorable, feeling that we have to add everything we can to save even 
parts of the extremities of these individuals. 

I think a sympathectomy, a lumbar sympathectomy at least, can be classed under 
conservative treatment, and certainly if it is done through a lateral muscle-splitting 
approach the patient has very little disability. Patients do lose limbs after a sympathec- 
tomy, but some are saved. In the past we have employed this operation in the worst 
sases, but now there are several series in which the procedure has been employed much 
earlier and the results are better. 

Concerning tobacco, a good many years have gone by since Dr. Coller and I first 
showed with skin temperature studies that as a result of smoking a decrease occurred in 
the blood supply of the extremities, particularly in the fingers and toes. In these patients 
with vascular deficiency in the lower extremities it is the toes that commonly give difti- 
culty. They are stuck out from the more solid foot and are easily traumatized by ill-fitting 
shoes or cold. Once injured, any further loss of blood supply, as by smoking, is a very 
serious factor, and that is exactly what tobacco will do in these cases. 

Some men claim that tobacco is the cause of Buerger’s disease, particularly emphasiz- 
ing its vasoconstrictor effect or possible allergic action. Whatever the cause, I do know 
that Silbert has said that he has never known a patient with Buerger’s disease who has 
recovered from an acute deficiency to get worse unless he continued to smoke; and Silbert, 
in New York City, has had a tremendous amount of experience in handling these patients. 

I do not know of any other disease in which there is such clear evidence that tobacco 
is harmful, and as far as I am concerned, I am not willing to treat or worry about a 
patient with Buerger’s disease who keeps on smoking. This may be easier for me to say 
because I do not smoke. Some of you men who smoke may have more trouble in advising 
against smoking, but the fact remains that it has a terrifically harmful effect on these 
patients. They must be thoroughly warned and understand that if they continue to smoke 
they are going to have more trouble with Buerger’s disease. It often seems to be a choice 
of their legs or their tobacco. 
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HE observations of Royle” in 1924 that coldness and sweating of the skin 

disappeared after regional sympathectomy suggested a new approach to 
the treatment of vasospastic diseases of the extremities. In 1925, Adson and 
Brown? demonstrated by means of calorimetry as well as by skin temperature 
studies that vasospasm of the lower extremities was relieved by lumbar ganglion- 
ectomy and iliae periarterial sympathectomy. In the quarter century which 
has followed this pioneer work, release of the arterial tree from control by the 
sympathetic nervous system has become a popular form of treatment for Ray- 
naud’s disease and other forms of arterial vasospasm. 

The results, however, have not been uniformly successful (Table I). Even 
the earliest case report, with,a follow-up of one year, suggested two of the prob- 
lems which are foremost at the present time.’ First, recurrence took place in 
that patient within one year after ramisectomy. Second, the clinical result was 
better in the lower than in the upper extremity. This experience became 
commonplace.* 4, 10, 15, 19, 29, 31, 34, 35, 36 

In spite of considerable clinical work on the problem and the development 
of several different types of operation,’ *® *' %*) 33 the questions related to re- 
currence after sympathectomy for vasospasm in the upper extremity remain 
unanswered. In addition, the recent popularity of drugs which block the action 
of the vasomotor component of the sympathetic nervous system raises the ques- 
tion of other than surgical therapy in vasospastie diseases of the extremities.” *° 
For these reasons it was thought desirable to present objective postoperative 
data obtained in a general study of patients with Raynaud’s disease for whom 
various types of sympathectomies had been done 6 months to 20 years previously. 


METHOD 


This report is based on patients operated upon in this hospital since 1929 
for Raynaud’s disease or Raynaud’s phenomenon and who were available for 
a full day’s examination in the peripheral vascular laboratory. There were 
40 patients found available and studied. Thirty-eight of these had sympathee- 
tomies of the upper extremity (75 extremities), 2 had lumbar sympathectomies 
only, and 16 patients had both lumbar and dorsal sympathectomies. Patients 
who had been operated upon for less than 6 months of the time of this report 
have been excluded from the analysis. 

No selection was made on the basis of age of the patients. The distribution 
among the different age groups at the time of operation is represented in Table 
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TABLE I. RESULTS OF VARIOUS AUTHORS WITH SYMPATHECTOMY FOR RAYNAUD’S DISEASE 








RESULT 
CASES GOOD | FAIR FAILURE 











Adson and Brown, 1929 4 2 0 2 
Telford, 1944 37 16 | 8 13 
White and Smithwick, 1941 | 93* 65* | 23* 5* 
Kinmonth, 1949 73 52 8 13 








*Extremities, 


TABLE II 











AGE GROUP (YEARS) y NUMBER OF PATIENTS 


10 to 20 4 
20 to 30 10 
30 to 40 13 
40 to 50 8 


50 to 60 5 
Total 40 

















II. In view of the small number of cases in each age group, it was thought 
unwarranted to attempt a correlation between age and recurrence rate. 

The clinical history and the past and present physical findings were care- 
fully scrutinized, but for the purpose of the clinical aspects of this report only 
the evidences for clinical recurrence of vasospasm have been used. This con- 
sisted of a history of blanching or cyanosis upon exposure to cold outside the 
a on or when exposed to cold in the laboratory. In addition, the patients 
were tested in the laboratory for objective signs of recurrence. Vasomotor ac- 
tivity was tested by exposure of the patients to an environmental temperature 
of 65 to 68° F. Failure of the digital skin temperature to drop below 90° F. 
after exposure to this degree of cold for one hour was taken to indicate lack 
of vasomotor activity. When the skin temperature did drop below 90° F. in 
the digits, the possible direct effect of cold upon the blood vessels was ruled out 
by appropriate peripheral nerve block. A rise in temperature of the skin after 
such a nerve block was interpreted as indicating a release of vasomotor nerve 
activity. Skin temperatures were recorded automatically by means of an eight- 
lead electronic potentiometer, each lead recording in rotation at intervals of 
4 minutes. Two leads were used for consecutive recording of the environmental 
temperature. All studies were done in a controlled-temperature room. Reflex 
vasodilatation and plethysmography were also done under the same conditions, 
but they added nothing to the present discussion and are therefore not con- 
sidered in this report. Sudomotor activity was tested by exposing the patients 
to an environmental temperature of 110 to 120° F. for one hour or more and 
then measuring the skin resistance by means of a potentiometer.** 


RESULTS 


The effectiveness of sympathectomy will be considered separately for upper 
and lower extremities since the results for the two regions are so different. 


Upper Extremities 
1. Over-all Results of Sympathectomy for Raynaud’s Disease of the Upper 
Extremities Seventy-five upper extremities were examined in thirty-eight pa- 





CLINICAL RESULTS AFTER SYMPATHECTOMY FOR RAYNAUD'S DISEASE 
OF THE UPPER EXTREMITY 


(6 MONTHS— 20 YEARS) 
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CLINICALLY 
CURED 











PROPORTION WITH GOOD RESULTS 
(as per cent. of total number of extremities) 

















CLINICAL RESULTS OF SYMPATHECTOMY FOR RAYNAUD'S _ DISEASE 
OF THE UPPER EXTREMITY ACCORDING TO TIME AFTER OPERATION 


CLINICALLY 
IMPROVED 


CLINICALLY 
43 CURED 
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CLINICAL CURE 
(expressed as percent of total number of extremities in each group) 
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tients and the clinical results were evaluated. These data are presented in Fig. 
1. The category ‘‘Clinically Cured’’ represents those extremities in which at- 
tacks of vasospasm had not occurred after operation and could not be pre- 
cipitated in the laboratory upon exposure to cold. The eategory ‘‘ Clinically 
Improved’ includes those extremities in which attacks of vasospasm did occur 
after sympathectomy, but the patients stated at the time of examination that 
they were better than they had been before sympathectomy. Individuals who 
stated that they were improved temporarily by operation, but were not any 
better than before operation at the time of the examination, were not included 
in the category of ‘‘Clinieally Improved.’’ 


RESULTS OF SYMPATHECTOMY IN RAYNAUD'S DISEASE 
OF THE UPPER EXTREMITY 


(6 MONTHS - 20 YEARS) [vasomotor 
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Only 36 per cent of the 75 extremities were clinically cured. An additional 
28 per cent were clinically improved, while 36 per cent were not improved. 

The data presented in Fig. 1 are all-inclusive for a follow-up period of 
six months to twenty years after operation. Fig. 2 illustrates the importance 
of the length of follow-up in any evaluation of clinical results. Until 2 years, 
the effectiveness of sympathectomy appears good. Beyond this critical time, 
however, the results of sympathectomy become worse. 

2. Relationship Between Clinical Recurrence and Demonstrable Return of 
Vasomotor and Sudomotor Activity—F ig. 3 indicates that the ineidenece of 
recurrence of vasomotor and sudomotor activity are nearly identical. While 
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of the same order of magnitude, the incidence of clinical recurrence (64 per 
cent) is somewhat greater than the demonstrable recurrence of vasomotor and 
sudomotor activity. In other words, there are patients who continue to have 
clinical attacks of vasospasm even when it is not possible to demonstrate vaso- 
motor and sudomotor nerve activity. This might be due to the vasospasm being 
a direct local phenomenon'® or to inability in a small number of instances to 
demonstrate vasomotor nerves by available techniques. 


SUDOMOTOR AND VASOMOTOR ACTIVITY AND CLINICAL VASOSPASM 


IN THE UPPER EXTREMITY IN RELATION TO TIME AFTER 
SYMPATHECTOMY FOR RAYNAUDS DISEASE 
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Fig. 4 demonstrates that clinical, vasomotor, and sudomotor recurrences 
increase with time after operation. Furthermore, with the exception of sudo- 
motor activity, there is a sharp increase in the rate of recurrence after 2 years 
from the time of sympathectomy. These data suggest that, whatever the causes 
for failure may be, they take time to develop, and most of the development has 
already oceurred by the end of the fifth year. 

3. The Influence of Type of Sympathectomy Upon the Results of Operation 
for Raynaud's Disease of the Upper Extremity—A number of different opera- 
tions have been done in this hospital for Raynaud’s disease of the upper ex- 
tremity. For purposes of this report three characteristics of these operations 
have been thought to be significant. These are (a) whether or not the denerva- 
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tion consisted of removal of the ganglia, (b) whether C, and T, were included 
or excluded in the procedures, and (¢) whether spinal nerve roots of T, and 
T, were cut or left intact. Canglionectomies below T, were all classed together 
regardless of extent since it is believed, from the anatomic standpoint, that the 
extent of ganglionectomy below T, is not a variable of major importance. 


CORRELATION OF LABORATORY FINDINGS 
WITH DIFFERENT TYPES OF SYMPATHECTOMIES FOR 
RAYNAUD'S DISEASE OF THE UPPER EXTREMITY 
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WITH SUDOMOTOR RECURRENCE WITHOUT SUDOMOTOR RECURRENCE 


closed = ganglionectomy crossed = spinal nerve roots 2,3 interupted intradurally 
open = preganiionic denervation uncrossed=spinal nerve roots 2,3 severed (site uncertain) or left intact 


Z\. =operation including Cy and/or T 


© operation not including Cg and/or T, As = same as AL but with T, ganglionectomy 


Fig. 5. 


(a) Preganglionic section versus ganglionectomy: In Fig. 5 are repre- 
sented all of the upper extremities studied with a different symbol for each of the 
operative variables described here. It appears that, regardless of the other 
variables, the proportion which showed no laboratory evidence of vasomotor 
and sudomotor recurrence was greater among those treated by ganglionectomy 
than among those treated by ‘‘preganglionic’’ sympathectomy. When type of 
sympathectomy was correlated with the clinical result, a similar relationship 
was found to exist (Table III). 

(b) Results related to the treatment of the stellate ganglion (C, and T,) 
in the operation: Of the 17 extremities for which either the rami to the stellate 
ganglion were sectioned or the stellate ganglion was removed as a part of the 
operation, 47 per cent had sudomotor or vasomotor recurrence and a comparable 
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TABLE LIT. RESULTS OF SYMPATHECTOMY OF THE UpPERK EXTREMITY FOR RAYNAU 
DISEASE ACCORDING TO THE TYPE OF SURGERY (FOLLOW-UP 6 MONTHS TO 
20 YEARS) 
_ ~ CLINICAL 
VASOSPASM 


— SUDOMOTOR Of 
VASOMOTOR RECURRENCE 


NO, OF OND dicta din = 
OPERATIONS TYPE | NUMBER | PER CENT 


| NUMBER | PER 
52 A* . | 37 


— wes oo Bt | ot |} a oe 











ceaciaic” ieenane amemee” an Sena a > 
6 Ct rs 


75 | Totals ‘ 18 








*A. Preganglionic section of second and third thoracic sympathetic ganzlia with section 
of second and third thoracic spinal nerve roots. 

7B. Ganglionectomy of second and third thoracic sympathetic ganglia or lower with first 
thoracic sympathetic ganglion decentralized or resected without regard to the treatment of 
the second and third thoracic spinal nerve roots. 

tC. Ganglionectomy below the first thoracic without regard to the treatment of the 
second and third thoracic spinal nerve roots. 


number had return of clinical vasospasm (Table IV, Fig. 5). Without further 
qualification, these data suggest that the results of sympathectomy are better 
when the stellate ganglion is included in the operation. 

(ec) Results related to the treatment of the second and third spinal nerve 
roots in the operation: Fig. 6 shows that regardless of what else was done, the 
recurrence rate was least in the group in which the anterior roots of T, and T, 
were interrupted intradurally. In the treatment of 7 extremities these spinal 
nerves were deliberately left intact. All 7 had clinical recurrence. At objective 
examination within 2 years, 5 of these had already recurred. By history, all 
had recurred within the first year. An analysis of recurrence, using vasomotor 
recurrence as the index, was made with reference to the treatment of the second 
and third spinal nerve roots and duration of follow-up in Fig. 6. From this, 
it is apparent that in the early (6 months to 2 years) follow-up period a higher 


oe 


percentage of recurrence has taken place in the ‘‘intact or severed, site unknown’”’ 
group as compared with those in which the nerve roots were known to be inter- 
rupted intradurally. Beyond the 2-year follow-up period, the recurrence rate 
in the two groups is about the same. The much lower recurrence rate in the 
group who had known intradural section suggests that this procedure, while not 
recessarily preventing recurrence, makes it possible only through slower or more 
difficult mechanisms. 


TABLE LV. RESULTS OF SYMPATHECTOMY FOR RAYNAUD’S DISEASE OF THE UPPER EXTREMITY 
RELATED TO THE TREATMENT OF THE STELLATE GANGLION (C, AND T,) IN THE OPERATION 


THOSE WITH RECURRENCE 
VASOMOTOR OR “€ 





CLINICAL 
SUDOMOTOR VASOSPASM 





TYPE OF PROCEDURE | EXTREMITIES | PER CENT | 
Stellate Ganglion Intact 58 | ; 3s 67 
Stellate Ganglion ‘l'reated — a 52 

(1) Decentralized : 
(2) T, Excised 
(3) C, and T, excised 

Totals 


NO. PER CENT 




















WwW 
O 
Zz 
uJ 
o 
ac 

a 
O 
uJ 
ar 
r 
- 
= 
z 
eS) 
lao 
oa 
O 
a 
O 
x 
oO 





ome SYMPATHETIC NEURECTOMY IN RAYNAUD’S DISEASE 

Lower Extrenuties 

Results of Operation for Raynaud’s Disease of the Lower Extremity Re- 
lated to Extent of Sympathectomy.—A clinical evaluation was made of 18 pa- 
tients after lumbar sympathectomy. In 3 of these, the laboratory studies were 
unsatisfactory so that objective laboratory data have been correlated in 15 of 
the patients, or 30 extremities. Unlike the results of sympathectomy in the 
upper extremity which showed a high incidence of recurrence (Fig. 3, Table 
III), results after lumbar sympathectomy for disease of the lower extremity 


VASOMOTOR RECURRENCE AFTER SYMPATHECTOMY ACCORDING TO 
TREATMENT OF THE SECOND AND THIRD SPINAL NERVE ROOTS 
AND DURATION OF FOLLOW- UP 

[Je mowrns-2 rears 


NS Q- 5 YEARS 


Eg 5-20 YEARS 


100 





PROPORTION WITH RECURRENCE 





- 
Qa 
> 
° 
= 
o 

x 
oO 
o 
Lv 

— 
” 
oe 

= 
E 
@ 
- 
= 
= 
@ 

_ 
fo} 
LO 
@ 

2 
= 
=) 
Cc 

x) 

-_ 
° 

2 

_— 
°o 

= 
Cc 
@ 
oO 
- 
o 
a 
” 
° 

~~" 























INTERRUPTED INTRADURALLY INTACT OR SEVERED 
SITE UNCERTAIN 
Fig. 6. 


have been much more favorable (Fig. 7). Furthermore, the data indicate that 
the most satisfactory results were obtained with the most extensive ganglion- 
ectomies (Fig. 7, squares, circles, and diamonds). Twenty-one, or 70 per cent, 
of the 30 extremities show a clinical cure in contrast to 36 per cent for the 
upper extremities (Fig. 7, open symbols, and Fig. 8). It is also noteworthy 
that 13 of the 30 extremities examined showed either vasomotor or sudomotor 
activity or both, regardless of lack of clinical recurrence which was present in 
only 4 of the 13 (Fig. 7). In the lower extremity, as in the upper extremity, it 
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is unwarranted to speak of permanent sudomotor and vasomotor paralysis 
merely on the basis that clinical recurrence has not taken place. 


UNTOWARD EFFECTS OF SYMPATHECTOMY 


Among the complaints of patients who have had sympathetic denervation 
of the extremities, 3 were prominent, namely, exceptional dryness of the sym- 
pathectomized extremities, excessive perspiration about the trunk and thighs, 
and an excessive tendency toward shivering with even slight lowering of the 
environmental temperature (Fig. 9). 


RECURRENCE OF CLINICAL VASOSPASM, VASOMOTOR AND SUDOMOTOR 
ACTIVITY AFTER LUMBAR GANGLIONECTOMY FOR RAYNAUD'S DISEASE 


OTOR. 











Op 
Oo 
© 





A ganglionectomy |, 2 © ganglionectomy 2, 3 ) ganglionectemy 2,3,4 
(_] ganglionectomy |, 2,3 ganglionectomy |,2,3,4 
closed figures = with clinical recurrence open figures = without clinical recurrence 


Fig. 7. 


Excessive Dryness—The symptom of excessive dryness was taken as an 
untoward effect when the patient found it troublesome and could not control 
it by the use of ointments or creams. Among the entire group of 40 patients, 
20 (50 per cent) had this complaint. After sympathetic denervation of the 
upper extremities alone, 10 out of 22 (46 per cent) complained of excessive 
dryness of the skin (Fig. 10). Among the patients who had both dorsal and 
lumbar sympathectomies, however, 9 out of 16 (56 per cent) (Fig. 11) pre- 
sented this complaint. This suggests that the degree of annoyance from ex- 
cessive dryness of the skin varies in proportion to the surface area denervated. 


PROPORTION WITH FAVORABLE RESULTS 
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Excessive Perspiration—The symptom of excessive perspiration was con- 
sidered as an untoward effect where it caused the patient embarrassment or 
discomfort from wetting the clothing of the trunk and thighs through and 
through. Twenty-four out of 40 patients (60 per cent) had this complaint 
(Fig. 9). When the group of patients who had dorsal sympathectomy alone 
are considered, 13 of the 22 (59 per cent) had the complaint (Fig. 10). Six- 
teen patients had both lumbar and dorsal sympathectomies and of these, 11, or 
69 per cent, complained of hyperhidrosis (Fig. 11). Again the incidence of this 
complaint varies in proportion with the extent of sympathectomy. 


RESULTS OF LUMBAR GANGLIONECTOMY IN RAYNAUD'S 


NISEASE OF THE. LOWER EXTREMITY 
(1 to 20 years) 
















































































Fig. 8. 


Shivering.—The complaint of shivering was recorded only when the pa- 
tients volunteered it. Their chief trouble was with uncontrollable shivering 
in air-conditioned places such as theaters and stores. It happens that when the 
patient did not volunteer it and direct questions were then asked, the complaint 
could not be illicited. Of the entire group of 40 patients, 14 (35 per cent) had 


this complaint (Fig. 9). Six of the 22 who had dorsal sympathectomy alone - 


(27 per cent) complained of uncontrollable shivering (Fig. 10). Of the 16 pa- 
tients who had both dorsal and lumbar sympathectomy, 8 (50 per cent) vol- 
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unteered the complaint (Fig. 11). This disturbance is again proportional to 
the degree of sympathetic denervation and is attributable to a probable dis- 
turbance in the normal heat regulating mechanism. This is a well-known phe- 
nomenon in sympathectomized animals. ?° 

It is important to emphasize that the data concerning the incidence of un- 
toward effects refer to the patient as a whole and not to individual extremities 
as was the case in the compilation of data for clinical, sudomotor, and vasomotor 
recurrences. For example, an individual might complain of hyperhidrosis 
while showing evidence of varying degrees of vasomotor activity in an extremity. 


UNTOWARD EFFECTS AFTER DORSAL AND LUMBAR SYMPATHECTOMIES 
FOR RAYNAUD'S DISEASE 
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Fig. 11. 


DISCUSSION 


The fundamental problem in the surgical management in Raynaud’s disease 
and Raynaud’s phenomenon has been that of recurrence of signs and symptoms 
after sympathectomy. While general agreement as to the causes of these re- 
eurrences is lacking, several possibilities present themselves. The first of these 
is the question of anatomic variation in the distribution of autonomic fibers to 
the upper extremity. The preganglionic elements of this innervation emerge 
from the anterior roots of the first to the tenth thoracie spinal levels’ * (Fig. 
12). Several investigators have suggested that T. is the upper limit for the pre- 
ganglionic outflow to the upper extremity.’? A further complicating feature 
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of the anatomy of this region is the occasional contribution to the brachial plexus 
of fibers in small branches from T, and T,.'® Anatomie variations such as this 
could explain some of the recurrences. It is generally conceded that the im- 
mediate results of sympathectomy for vasospasm in the upper extremity are 
excellent. Indeed, these excellent immediate postoperative results have been 
taken to indicate complete denervation of the upper extremity by decentraliza- 
tion of T, and T, ganglia alone. It should be noted that the vasoconstrictor 
action of only a few residual fibers might be masked by the vasodilator effect 
of ablation of the majority of fibers. Subsequent return of demonstrable vaso- 
constrictor activity could then be attributed to development of greater sensi- 
tivity in the partially denervated neurones and effectors.28 However, this 
mechanism should develop in a matter of 2 to 3 weeks. Figs. 2 and 4 demon- 
strate that a large number of the recurrences occur after 2 years. Therefore, 
it is not possible to explain these recurrences on this basis alone. 

It has been suggested that regeneration of preganglionic fibers can account 
for the return of vasospasm after sympathectomy for Raynaud’s disease.”* ** 
The fact that autonomic nerve fibers regenerate with extraordinary ease in 
animals’ lends credence to this point of view. It is noteworthy that Simmons 
and Sheehan’® reported a decrease in adrenaline sensitivity in the digital vessels 
as clinical recurrences became manifest. This is an added indication that re- 
generation goes hand in hand with clinical recurrence.’ 

Figs. 2 and 4 indicate that most recurrences take place by the end of the 
fifth year after operation. Beyond this time there is no appreciable increase 
in the number of recurrences. Since recurrence before the end of 6 months 
appears to be rare and is still not common before two years (Figs. 2 and 4), it 
is reasonable to suggest that regeneration of sympathetic fibers accounts for 
most of the recurrences. 

Increased sensitivity of smooth muscle after denervation has been thought 
to explain the recurrence of clinical vasospasm after ganglionectomy.*® It is 
for this reason that, independently, Telford** (1935) and Smithwick*' (1936) 
devised a surgical approach which permitted a largely preganglionic denerva- 
tion of the upper extremity. While there is adequate evidence from animal 
experiments that the acquisition of increased sensitivity by denervated struct- 
ures is the rule,® this phenomenon does not appear to play an important role in 
the surgical management of Raynaud’s disease. In the first place, since maxi- 
mal sensitization occurs by the end of the second week after denervation,* 7 
one would expect recurrences to take place after a matter of weeks rather than 
months. The data presented in this report, and corroborated by the observa- 
tions of others,’® ?® ** indicate that recurrence is rare or does not occur within 
such an early period. Furthermore, the patient with clinical recurrence of 
vasospasm is rare in whom vasomotor activity cannot be demonstrated by block- 
ing the peripheral nerves with procaine. For these reasons, it is concluded that, 
while sensitization of digital vessels following denervation probably does oceur 
in man, it certainly does not play a major role in the recurrences of clinical — 
vasospasm following sympathectomy for Raynaud’s disease. 

Geohegan and Aidar*! (1942) have suggested that a ‘‘reorganization’’ of 
autonomic neurones takes place after severing the preganglionic nerve fibers 
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to the upper extremity within the dura, so that autonomic fibers which pre- 
viously had no demonstrable motor effects in the arm developed the capacity 
to excite postganglionic neurones to the arm after the severance. The nature 
of this ‘‘reorganization’’ is not clear. Geohegan and Aidar suggested that 
previously absent collaterals develop in the ganglionic cell stations from the in- 
tact preganglionic fibers passing through the ganglion. While such reorganiza- 
tion is a possibility, its mechanism has not been demonstrated. It is equally 
reasonable to assume, for instance, that connections between the intact pre- 
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Fig. 13. 


ganglionic fibers and the postganglionic cells existed all the time, but were not 
demonstrable until the partial preganglionic denervation of those cells had 
rendered them more sensitive to nerve impulses than they normally are. 

The data presented here suggest that recurrences following sympathectomy 
for Raynaud’s disease are due either to incomplete denervation or to regenera- 
tion of preganglionic nerve fibers. When denervation of the upper extremity 
is done according to classical anatomic concepts, the likelihood exists that in a 
small number of patients residual neurones exist, still connected with the 
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central nervous system.'® '” °° The existence of these fibers and the develop- 
ment of functional capacity in them could explain some of the recurrences 
which take place in less than one year (Figs. 2 and 4). Accepting this as ex- 
planation for some of the early recurrences, it is reasonable to conclude that the 
remainder of the recurrences can be explained on the basis of regeneration of 
preganglionic fibers. The ideal operation for Raynaud’s disease, therefore, is 
one which is complete and minimizes the chances for regeneration. Complete 
decentralization of the postganglionic neurones to the arm and even ganglion- 
ectomy from T, down do not prevent recurrence (lig. 5, solid triangles). Re- 
currence in such eases can be attributed to the regeneration of preganglionic 
fibers to postganglionic cell stations in C, or in middle cervical ganglion. In 
order to minimize the possibility for such regeneration Smithwick*? (1940) 
developed a technique for intraspinal section of the anterior roots of T, and T,, 
often resulting in an actual evulsion of the roots through the dura from the 
spinal cord. Fig. 13 shows a clear-cut difference between the recurrence rate 
among patients for whom intraspinal severance of anterior roots was known to 
have been done and those for whom the roots were left intact or severed at an 
uncertain site, probably extradurally. Reeurrences do occur in these cases but 
they are probably due to residual intact fibers and/or regeneration from sources 
other than T, and T;. These sources could be fibers ascending the ganglionated 
trunk interrupted above T,. As a matter of fact, when recurrence occurs after 
intraspinal section, it is generally delayed (Fig. 6). Since the sensitization 
effects of postganglionic denervation are thought not to play an important role 
in the recurrences, it would be reasonable then to combine intraspinal section 


with ganglionectomy in order to reduce further the likelihood of regeneration. 
Krom the data in this report, it will be seen that the best results have been ob- 
tained in patients for whom intraspinal section was combined with ganglion- 
ectomy (ig. 5). It is noteworthy, however, that the longest follow-up in this 
eroup of cases is 1.5 years. Final judgment must be reserved until a longer 


period of observation has been possible. 

In contrast to the results of sympathectomy for Raynaud’s disease of the 
upper extremity, the results of sympathectomy in the lower extremity have 
been good. Of 30 extremities for which lumbar sympathectomy was done, 21 
(70 per cent) showed no clinical recurrence of vasospasm (open figures, Fig. 7) 
as compared with 27 out of 75 (36 per cent) in the upper extremity (Fig. 1). 
An analysis of the objective vasomotor and sudomotor recurrences in the lower 
extremity after sympathectomy confirms that the results are better in the lower 
extremity than in the upper extremity. Only 3 out of 30 extremities (10 per 
cent) showed evidence of both vasomotor and sudomotor activity, while 17 of 
the 30 extremities (57 per cent) showed recurrence of neither (Fig. 7). This 
contrasts with 48 per cent, and 27 per cent for the upper extremity, respectively 
(Fig. 5). One explanation for the better results after sympathectomy for 
Raynaud’s disease of the lower extremity than of the upper extremity has been 
that the sensitization to adrenalin following postganglionic section is avoided. 
As discussed in the ease of the upper extremity, it is unlikely that the avoid- 
ance of such sensitization plays an important part in the difference in results. 
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It is more likely that the better results for the lower extremity are due to the 
excision of longer segments of the ganglionated chain which makes regeneration 
more difficult. Thus extremities in which long segments of the chain were re- 
moved (open circles, squares, and diamonds, Fig. 7) appear to have had a 
better result than those in which short segments were removed (triangles and 
crossed circles, Fig. 7). 
SUMMARY AND CONCLUSIONS 


1. This report comprises a clinical and laboratory study of 40 patients 
with Raynaud’s disease or Raynaud’s phenomenon. 
sympathetic denervations of the upper extremities bilaterally except 1 (total of 


Thirty-eight of these had 


75 extremities). 

2. When studied 6 months to 20 years after operation, 
was noted in 64 per cent (Fig. 3), laboratory evidence of vasomotor activity 
was noted in 60 per cent, of sudomotor activity in 61 per cent, and of both 
vasomotor and sudomotor activity in 48 per cent of the 75 upper extremities. 

3. Clinical and laboratory recurrences parallel each other and in the great 
majority of cases have occurred by the end of 5 vears (Figs. 2 and 4). 

4. The results after sympathetic denervation for Raynaud’s phenomenon 
of the lower extremity are better than the results after operations for disease 
Clinical recurrence was observed in 25 per cent of 
Laboratory evidence of both sudomotor 


clinical recurrence 


in the upper extremities. 
36 lower extremities after operation. 
and vasomotor recurrence was found in only 3 out of 30 extremities tested 
(Fig. 7). 

5. While sensitization may occur in man following postganglionic de- 
nervation, it has not played an important role among the patients studied. 

6. Residual autonomic pathways on the basis of anatomic variants could 
aecount for the very few early recurrences. 

7. The evidenee presented here for both upper and lower extremities in- 
diecates that reeurrences are associated with demonstrably active vasomotor 
nerve fibers and that this activation is on the basis of regeneration of pre- 
ganglionic axones. 

8. In general, the ideal operation is one which will completely denervate 
the extremity and at the same time prevent regeneration. The chances for 
regeneration are minimized by appropriate ganglionectomy and by intraspinal 
section of the preganglionic innervations. 
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DISCUSSION 


DR. REGINALD SMITHWICK.—I should like to congratulate the authors of this 
paper on their careful and detailed study of this problem, I think their conclusions cor- 
respond with those of previous authors who have carried out similar follow-up studies. The 
main problem is to produce a complete and permanent denervation of the upper extremity. 
Successful denervation of the lower extremity is much less of a problem. 

There are a number of reasons why this is so. First, as has been pointed out, it may 
be impossible to denervate completely the upper extremity in an occasional patient. There 
are no accurate statistics on this point but occasional patients do have an outflow through 
the first thoracic segment. Also, attention has recently been called to the fact that there 
are so-called intermediate ganglia which apparently migrate out from the sympathetic trunk 
and are located along the communicating rami or even in the peripheral nerves themselves. 
Hence, it is possible for fibers to get to both the arm and the leg without ever passing through 
the ganglionated chain. Consequently ganglionectomy, no matter how extensive, may not 
interrupt all impulses to an extremity. Preganglionic section theoretically would, but in 
the case of the arm, it is not possible to divide the anterior root of the first thoracic nerve 
because of the motor weakness which would ensue. 

In addition, there are other differences between the upper and lower extremities which 
make the problem more difficult in the case of the former. In general, the sympathetic 
control of the blood vessels of the upper extremity is less active than of the lower extremity. 
Also, a local fault in the blood vessels, which renders them more sensitive to cold, is more 
common in the upper extremity. Scleroderma is much more likely to involve the upper ex- 
tremities. This detracts from the late results. 

The major problem, however, is to prevent regeneration of the vasoconstrictor fibers. 
Ganglionectomy will not do this because the distance which separates the upper thoracic 
segments from the brachial plexus is very short. Preganglionic section, theoretically, should 
prevent regeneration. Actually, it is the most effective safeguard against regeneration which 
has as yet been devised. It must, however, be performed in a certain manner. The anterior 
roots of the second and third, and preferably of the fourth thoracic nerves as well, must be 
sectioned intraspinally. Ramisectomy and extraspinal root section will not suffice. This is 
best accomplished by resecting the inner portions of the third and fourth ribs, which gives 
excellent exposure. The arachnoid is gently separated from the anterior roots after dividing 
the posterior roots proximal to their ganglia in order to expose the anterior roots. The 
anterior roots are then divided with scissors, removing 1 em. or so of their intraspinal portions. 
They are not ‘‘avulsed.’’ This term should not be used as it implies the use of force, which 
is dangerous. Whether one then removes the decentralized ganglia or simply encases them 
in a silk cylinder is of secondary importance. Removal of the first thoracic or inferior cervical 
ganglia should be avoided in unilateral procedures because a Horner’s sign will result. 
Regardless of this, removal of these ganglia will not prevent regeneration. 

In reporting results, it is essential that patients be divided into groups according 
to the technique of operation. The best results, in my experience as well as in that of 
others, have been obtained when the upper extremity is denervated by intraspinal root 
section. This is the most important single factor affecting late results. 


DR. LINTON: I would like first to compliment Dr. Felder and Dr. Simeone on 
doing such an excellent job on this follow-up of Raynaud’s disease. I had very little to 
do with the actual follow-up study and came into the problem chiefly from the fact that 
| operated upon a number of the patients. As I have observed patients with this disease 
over a good many years it is my opinion that our chief problem in the cure of the condi- 
tion, especially in the upper extremities, lies in the fact that we have not developed an 
operation which will prevent recurrence of the vasospastic condition in the hands. It is 
my belief that one of the main reasons for this high rate of recurrence, as demonstrated 
by this follow-up study, is the fact that we have not done a radical enough operation. 

It is generally agreed that the chief outflow to the upper extremity is through the 
second and third intercostal nerves via the second and third dorsal ganglia. There is no 
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question that the Smithwick type of operation, removing the second and third dorsal 
nerves and cutting the rami of the second and third dorsal ganglia, is a great improvement 
over the original stellate ganglionectomy. However, in view of the fact that many of 
the patients with the Smithwick procedure have had recurrences, I have attempted to do 
a more radical operation and to date it seems to give somewhat better results although it is 
still too early to draw any definite conclusions. 

The actual outflow to the upper extremity in the human being has never been 
definitely ascertained but our follow-up studies and the reoperation of patients who have 
had recurrences with the Smithwick procedure indicate that there is, in a good many 
patients, an outflow through the first dorsal nerve directly to the first dorsal ganglion and 
possibly the inferior cervical ganglia. For that reason I believe that an operation to be 
effective for Raynaud’s disease of the upper extremity must, of necessity, produce a 
Horner’s syndrome. In order to attain this, in addition to doing the Smithwick type of 
procedure, I have, for the past few years, removed dorsal ganglia 1, 2, and 3, and severed 
the rami of the inferior cervical ganglia, encasing them in a cotton cylinder, with the hope 
that this might prevent regeneration. The patients in whom this has been done and in 
whom there were recurrences following the Smithwick procedure have had marked im- 


provement. 

In order to do this type of operation satisfactorily in patients previously operated 
upon necessitates a transthoracic approach, removing the fourth or fifth rib. I believe 
the answer to the problem of Raynaud’s disease will be obtained only by further careful 
follow-up studies such as have been presented here today along with very accurate descrip- 
tions of the operative procedures of what was done, 





HYPERTENSIVE VASCULAR DISEASE ASSOCIATED WITH 
QUADRILATERAL RAYNAUD’S DISEASE TREATED BY 
TOTAL SYMPATHECTOMY 


IrRvING LEINWAND, M.D. (By INvITATION), J. WinuiAM Hinton, M.D. (By 
INVITATION), AND JERE W. Lorp, JrR., M.D., New York, N. Y. 
(From Departments of Medicine and Surgery, of the Post-Graduate Medical School of 
New York University and Bellevue Medical Center) 

T IS a curious fact that in a series of 500 consecutive patients with essential 

hypertension subjected to thoracolumbar sympathectomy not one instance of 
Raynaud’s disease was observed preoperatively. One of us (I. L.) then recom- 
mended total sympathectomy for two patients suffering primarily from Ray- 
naud’s disease of all four extremities associated with an essential hypertension. 
These patients sought medical advice primarily for indolent ulcerations of the 
tips of the fingers in one and of the great toe in the other, and the hypertensive 
element was apparently of lesser importance to each of these individuals. 

The etiology of Raynaud’s disease has remained obscure in spite of in- 
tensive studies by many workers. Raynaud himself, as well as the majority 
of students of this condition, have ascribed the abnormality as related to an 
overactivity of the sympathetic nervous system. White and Smithwick' defined 
‘*Raynaud’s disease as a form of peripheral vascular disturbanee caused by 
tonie contraction of the smaller arteries of the extremities.’’ They added that, 
‘‘Keeping in mind all the facts which have been reviewed, we believe that the 
ereatest weight of evidence is against Lewis’ theory that the loeal fault is 
primary, and upholds Raynaud’s original idea that at the onset of the disease 
the recurrent attacks of symmetrical vasospasm are due to an abnormal activity 
of the vasoconstrictor nerves. Any theory of the etiology of Raynaud’s disease 
must be applicable to early as well as late cases, and equally to the hands and 
feet.”’ Adson and Brown? ‘‘were of the opinion that in early Raynaud’s dis- 
ase the abnormality is wholly in the vasomotor nerves.’’ 

The view that the primary factor in Raynaud’s disease lies in a fault in 
the digital arteries and that this fault is in the nature of an abnormal sensi- 
tivity of the artery to direct stimuli, particularly to relatively low temperature, 
has been advanced by Lewis.* He held that the vasomotor activity is normal 
but that the peripheral spasm is due to an increased susceptibility to cold on 
the part of the smooth muscles in the digital arterioles. 

In spite of a variety of clinical experiments, no theory satisfactory to all 
investigators has been evolved. As a result of our observations of the two 
patients reported in this paper, we are inclined to agree with Morton and 
Seott* that both the local fault and an overactivity of the sympathetic nervous 
system must operate to produce the clinical picture of Raynaud’s disease. 


Read at the third annual meeting of the Society for Vascular Surgery, Atlantic 
N. J., June 5, 1949. 
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Perera’ has pointed out that hypertension is not a disease in itself, but 
rather a manifestation of hypertensive vascular disease, and that the latter 
assumes importance when damage occurs to the brain, eyes, heart, and kidneys. 
Goldring and Chasis® have stated that hypertension is the earliest clinically 
recognizable disturbance of this disease and that it results from the constriction 
of the peripheral arterioles, this constriction leading to an increase in the 
total effective peripheral resistance and hence to elevation of diastolic and 
systolic blood pressure. Further evidence that individuals suffering from 
essential hypertension have an overactive sympathetic nervous system has been 
supplied by Hines and Brown’ by means of the cold pressor test. 

The role of sympathectomy in the treatment of essential hypertension is 
based on the principle that elimination or curtailment of the neurogenic factor 
would lead to relaxation of the arterioles of the splanchnic area and else- 
where, and hence lower the systolic and diastolic pressure, lessen the work of 
the heart, and possibly improve renal blood flow. The evidence for improve- 
ment in renal blood flow following sympathectomy is meager and gross tests 
of renal function fail to show improvement. Heinbecker* has elaborated an 
interesting thesis that sympathectomy may lessen the output of the medullary 
part of the adrenal gland and thereby interfere with a vicious cycle which in- 
cludes the adrenal glands, the kidneys, the frontal lobes, and hypothalamus 
and the anterior and posterior parts of the pituitary gland. 

Regardless of how it works, thoracolumbar sympathectomy of the Smith- 
wick type® or total sympathectomy of Grimson’? have profound influence on 
the blood pressure. Approximately one-quarter of the patients operated upon 
for essential hypertension will obtain excellent results in a variety of ways, 
and another two-quarters will obtain a moderate fall in blood pressure and 
some improvement in eardiae function and the eye grounds, as well as relief of 
symptoms. 

‘‘Surgical treatment with sympathectomy still remains the most satis- 
factory method of treatment in Raynaud’s disease,’’ stated Allen, Barker, 
and Hines.2- White and Smithwick' reported that in 9 patients with 18 in- 
volved lower extremities very good results were obtained from lumbar sympa- 
thectomy, whereas in 93 upper extremities with varying degree of local damage, 
good results were obtained in 65 and 23 were improved. One of the serious 
difficulties with sympathectomy for Raynaud’s disease, especially of the upper 
extremity, has been the attainment of a complete and lasting sympathectic 
denervation. White and Smithwick’? have stated that, ‘‘Surgical denervation 
must be complete or it will be of little value.’? Ray and Console" have 
studied thoroughly the problem of sympathetic denervation of the lower ex- 
tremities and have found that inadequate removal or the extent of removal of 
the lumbar ganglia could not explain the persistence of sympathetic activity. 
Further, the factor of regeneration is not the answer to the evident return 
of sympathetic activity in certain areas of the lower extremities. They 
demonstrated that there are residual pathways having their origin ‘‘in the 
thoracic 12 through lumbar 3 dermatomes after standard sympathectomies 
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and may be interrupted by anterior rhizotomy, spinal anesthesia, tetraethylam- 
monium and procaine block or division of the lumbar nerves.’’ Ray’ believes 
that similar residual pathways will be demonstrated to the upper extremities 
which are not ablated by complete upper thoracic and inferior cervical 
sympathectomy, whatever its type. 

From a therapeutic point of view, the two patients reported in this paper 
were treated by total sympathectomy, the first one in four stages, the second 
in two stages. Theoretically, it would seem like an ideal surgical procedure, 
but as one of us (I. L.1*) has pointed out, there are several theoretical ob- 
jections to this operation, not the least is the one De Bakey and his associates" 
presented in their report on the ‘‘borrowing-lending’’ mechanism as an im- 
portant hemodynamie factor. They stated that measures designed to produce 
dilatation of the entire vascular bed are of doubtful value in the treatment of 
arterial insufficiency to an extremity. They were concerned chiefly with drugs 
such as tetraethylammonium chloride but, in effect, the performance of a total 
sympathectomy is closely akin to the general vasodilating effects of certain 
drugs. The potential harm of such a procedure was evidenced by the early 
worsening of the lesions in the extremities of each patient before significant 
improvement was noted. 

CASE REPORTS 

CASE 1.—A 28-year-old white woman was first seen Dec. 5, 1947. Chief complaints 
were ulcers of the tips of the left third and right fourth fingers with blueness, coldness, 
and numbness of all of the fingers of both hands except the thumbs. The patient stated 
that she had been in good health until the winter of 1946 when she first noticed blueness 
and numbness of the finger tips on exposure to cold. In September, 1947, she developed 
ulcerations of the finger tips which failed to heal despite treatments with various antiseptic 
solutions and penicillin ointment. The patient stated that her feet also became cold and 
numb with peculiar mottling of the skin. 

Past history revealed that she had had palpitations on climbing stairs for the past 
six months. Menstrual periods were regular but scanty in flow. She was not aware of any 
hypertension until September, 1947, when she was so informed by a physician whom she 
had consulted because of the vasospastic symptoms. 

Physical examination was negative. Lungs were clear to percussion and auscultation. 
Heart sounds were of good quality. A2 greater than P2, regular sinus rhythm with no mur- 
murs, pulse 80. Abdomen was obese. Liver, spleen, and kidneys were not palpable. Extrem- 
ities: The distal digits of both hands exclusive of the thumbs were markedly cyanotic, cold, and 
moist. Ulecerations were present on tips of the right fourth and left third fingers. There 
were scars of healed ulcerations of several of the finger tips and about the nails. The 
toes were cyanotic and cool without any ulcerations. There was 1 plus pretibial edema 
of both legs. The skin showed a peculiar mottling with slight cyanosis. The peripheral 
arteries were easily palable. Oscillometric readings were normal in all four extremities. 
Blood pressures were as follows: Lying, left, 170/110; right 180/120; sitting, left, 170/115; 
standing, left, 160/110; exercise, left, 210/135. Sodium Amytal test showed a decrease 
in blood pressure from an initial reading of 170/110 to 140/95. Blood chemistry: Blood 
urea nitrogen, 10.0; nonprotein nitrogen, 27.0; creatinine,’ 1.1; cholesterol, 160. Blood 
count: Red blood cells, 4,390,000; hemoglobin, 13.9; white blood cells, 14,200; poly- 
morphonuclears, 68; lymphocytes, 29; monocytes, 3. Routine urine: Specific gravity, 1.016; 
protein, trace; bacteria frequent; epithelial cells, few squamous; amorphous sedation, 
frequent phosphorus; crystals, some triple phosphorus. 
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Urea clearance test: 57 per cent of average normal the first hour; 43 per cent of 
average normal the second hour. 

Newburgh Concentration Test: 8 A.M. specific gravity, 1.020; protein, faint trace; 
rare red blood cells 1 to 4 white blood cells, frequent epithelial, few bacteria. 10 A.M. 
specific gravity, 1.014; protein, faint trace; occasional white blood cells, many phos- 
phates, occasional epithelial. 12 A.M. specifie gravity, 1.020; protein, faint trace; oc- 
easional white blood cells, many phosphates, frequent calcium phosphates. 

Eye grounds: Fundi showed venous engorgement, spasm of the arteries, arterio- 
venous nicking, and in the right fundus at 9 o’clock, there was a cotton wool exudate 
and a small recent hemorrhage. Six foot heart plate: Examination of the thorax showed 
a hypertensive aortic type heart. There was moderate left ventricular preponderance with 
the relatively mean deviation at the left exceeding that to the right, suggesting probable 
left ventricular enlargement. There was also an accentuation of the aortic arch. Except 
for a slight thickening, the peripheral lung fields were clear. Electrocardiogram revealed 
pattern consistent with left ventricular hypertrophy. 

It was decided that the patient should first have a thoracic sympathectomy to relieve 
the peripheral gangrene in the upper extremities. Accordingly, on Dec. 16, 1947, a right 
thoracic sympathectomy was performed. There was difficulty in visualizing the stellate 
ganglion and consequently it was not removed. The patient made an uneventful recovery 
and on Dec. 22, 1947, a left thoracic sympathectomy was performed. The stellate ganglion 
was removed. 

The pathologic diagnosis of the surgical specimens in both procedures was sym- 
pathetic ganglia and nerves. 

The patient again had an uneventful postoperative course and was discharged in 
good condition on Jan. 4, 1948. The mottling of the skin and the ulcerations were still 
present. The blood pressure in the left arm was: Lying, 200/100; sitting, 190/110; 
standing, 180/100. 

The fingers of both hands became only slightly warmer and were still cyanotic. In 
fact within the first forty-eight hours after each operation they appeared to be slightly 
worse. However, at the end of one week some definite improvement was noted which con- 
tinued. 

Within the next month on a 1,000 calorie diet the patient’s weight decreased from 
169 to 150 pounds, and she felt well. The blood pressure fluctuated between 190/120 and 
226/136 in the left arm. The finger tips healed slowly but completely. The fingers were 
still cold but improved. There was some blueness in the left third finger and the right 
fourth finger. The perceptive sense which was reduced postoperatively returned to both 
hands completely by the end of the month. The blood pressure was little affected by the 
thoracic sympathectomy, so that on Feb. 3, 1948, the patient was readmitted for bilateral 
thoracolumbar sympathectomy. 

Her blood pressures were as follows: Lying, 196/122; sitting, 178/120; standing, 
176/120; exercise, 194/128. Urine: The specific gravity was 1.023. There was a faint 
trace of protein. Microscopic examination revealed occasional white blood cells, few urates, 
and frequent bacteria. 

Blood chemistry: Urea nitrogen: 8.5 mg. per cent; nonprotein nitrogen, 25.0 mg. per 


cent. 


On Feb. 6, 1948, a left and six days later right thoracolumbar sympathectomies were 


performed. 
For the first week the blood pressure fluctuated between 90/70 and 110/80. At the 


end of the first week the blood pressure lying down was 120/85, sitting 100/80, standing 
60/40. 
Two months later the blood pressure readings were: lying, right, 120/70; sitting, 
right, 126/84, left, 114/72; standing, right, 96/58. 

The fingers were well healed and appeared normal in color and temperature. 

On Aug. 5, 1948, six months following the last sympathectomy, the patient stated 


that she. felt completely well. She had no more blackouts and there were no color changes 
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in any extremity on exposure to cold water. As yet there had been no exposure to cold 
weather. She complained only of extreme perspiration over her back. The fingers were 
completely healed but the tips were a little cool. The blood pressures were: lying, right, 
128/90, left, 122/84. sitting, right, 128/80, left, 134/84; standing, right, 140/96, left, 
114/70. 

On Dec. 21, 1948, the finger tips were still completely healed. The tips of the fingers 
became cyanotic only on exposure to cold weather and cold water (patient is a cook). Blood 
pressures were: lying, left, 140/90, right, 146/90; sitting, left, 150/94, right, 150/96; 
standing, left, 124/80, right, 126/90. The patient was again seen on May 12, 1949, and 
at that time stated that she felt entirely well. The only abnormalities noted were slight 
sensitivity of the tip of the right fourth finger, and that both hands perspired at times 
during the past two months. On exposure to cold during the past six months, the fingers 
occasionally became cyanotic, but there was no pain or numbness. The feet remained dry 
and were asymptomatic. Weight was 169 pounds and blood pressures were: lying, right, 
188/98; sitting, right, 180/100, left, 170/100; standing, right, 168/100. Fig. 1 shows a 
graph of the blood pressures. 
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Fig. 1 (Case 1).—Graph of the blood pressure of N. O., 28-year-old woman, following total 
sympathectomy. 


CasE 2.—A 48-year-old white woman had been suffering repeated attacks of pain, 
numbness, and coldness of the extremities whenever exposed to cold. This began with 
painful blanching in the left fifth finger eighteen years before, which gradually involved 
the whole hand. The same symptoms began shortly in the right hand and were soon 
followed by the same syndrome in the toes of both feet. Each year the attacks occurred 
with greater frequency until there was no time she was completely free of the complaint, 
even in the summer. She had an ulcer on the right index finger which took three years to 


heal. 


In 1942, when giving blood to the Red Cross, she learned that she had high blood 
pressure. In October, 1946, this patient had an ingrown toenail excised. Following this 
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she developed an ulcer which failed to heal. This toe became painful on walking one to 
two blocks. On the other hand, pain sometimes came on at rest and was relieved by walking. 
Physical examination revealed the following. Fundus examination: In the right fundus, 
there was marked arteriovenous nicking and arterial spasm. In the left was seen a 
classical corkscrew arteriole reaching into the macular area. There was tortuosity of the 
arterioles on both sides but no hemorrhage. 

Lungs were normal. Heart showed regular sinus rhythm, rate 100, no murmurs, 
sounds of good quality. Abdomen was obese. Liver, spleen, and kidneys were not palpable. 


A. 


B. 


Fig. 2 (Case 2).—A, Anterior view of the feet one week after the left total sympathectomy 
showing gangrenous ulceration of the left great toe. B, Lateral view. 


All the extremities were cool. On the left first toe there was an open ulcer which covered 
most of the distal phalanx (Fig. 2, 4 and B). The peripheral arteries were palpable, 
oscillometric readings were normal. The skin temperature was markedly reduced in the 
left foot. On admission, the following laboratory examinations were noted: Roentgenogram 


of the chest revealed an aortic type heart without any gross enlargement. The electro- 
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cardiogram was abnormal but without any definite diagnostic pattern. The sedimentation 
rate was 41. Urine had a specific gravity of 1.010 with a faint trace of protein. Blood 
urea nitrogen was 10.5, glucose 65, hemoglobin 15.8 Gm., red blood cells 4.65, white blood 
cells 12,100, with a normal differential. 


A. 


B. 


Fig. 3 (Case 2).—A, Anterior view of feet four months postoperatively showing the 
lesion of the great toe, left foot, to have healed. Note that the second toe, left, is in good 
condition at this time. B, Lateral view. 


130/84. 


Amytal test showed a decrease in blood pressure from an initial 200/100 to 
Blood chemistry: Urea nitrogen, 9.5 mg. per cent; nonprotein nitrogen, 22.5 mg. per cent; 


glucose, 55 mg. per cent; vitamin C, 0.65 mg. per cent. Sedimentation rate was 39. 


Urea clearance test: 67 per cent of average normal the first hour; 63 per cent of average 
normal the second hour. Mosenthal test showed a decreased ability to concentrate the 


urine. 
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On April 26, 1948, a left total sympathectomy was performed. Immediately follow- 
ing the operation the left foot and leg appeared cold. This continued for about forty-eight 
hours with only occasional intermittent improvement. About two days later there was some 
improvement of the left foot and leg as compared to the right. Soon, however, the left 
foot appeared cool and there was marked pain, particularly in the left big toe. The toe 
appeared even more cyanotic than prior to the operation. The day before the second 
operation necrotic pustular blisters were noted on the tips of all of the toes of the left 
foot. On May 17, 1948, a complete right sympathectomy was performed in essentially the 
same manner as the left side. 

The postoperative course was complicated by a superficial wound infection, the 
development of an abscess on the dorsum of the right wrist, and an abscess of the buttock. 
All of these cleared following incision and drainage, but healing was much more prolonged 
than usual in spite of a normal level of plasma proteins and a high protein, high vitamin 
intake. 
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Fig. 4 (Case 2).—Graph showing the blood pressure of B. L., 48-year-old woman, after total 
sympathectomy. 


Following the second operation the blood pressure ranged between 120/70 and 130/80. 
The ulcer was still present on the left big toe and appeared larger than before the 
operation. The tips of the other toes also appeared cool and cyanotic. The patient was 
discharged on the forty-first day after the second operation. 

Two months later, all wounds were completely healed including the areas of peripheral 
gangrene on the toes of the left foot Fig. 3, A and B. The skin temperature of the left 
foot was lower than the other three extremities. However, the toes were pink and not at 
all cyanotic. There was a variable amount of soft tissue defect present on all the toes of 
the left foot. There was no pain nor was there any symptom referable to hypertension. 
There was no dyspnea on exertion. The blood pressures were: Lying, right, 134/84, left, 
136/80; sitting, right, 92/66, left, 88/62; standing, right, 74/55, left, 64/50. 

The patient stated that she had not felt so well for many years although during 
the immediate postoperative period she had never been so miserable. She was examined 
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May 15, 1949, approximately one year postoperatively. In general she felt well, had no 
symptoms referable to the hypertension, and blood pressures were: lying, right, 190/110; 
sitting, right, 165/90; standing, right, 125/100. 

The hands have remained dry and no new ulcers have formed. 
warm and pink at all times. The toes have also remained in excellent condition with the 
exception that for the past four months she has had a superficial uleer 10 by 15 mm. at 
the tip of the second toe. All toes are warm and pink and the pulsations are entirely 
normal. The feet have at no time perspired. Fig. 4 shows a graph of the blood pressures. 


They have remained 





DISCUSSION 


There are several points of interest brought out by the two cases described 
here. First, one patient has obtained satisfactory improvement from the 
viewpoint of her hypertensive vascular disease during the fifteen-month post- 
operative period of observation, and has been markedly helped in regard to 
the Raynaud’s disease of the fingers. This patient had an ablation of the 
stellate and second and third thoracic ganglia on one side and removal of only 
the second and third ganglia on the other side. Both hands are equally im- 
proved without further ulceration or pain, and both began to sweat approxi- 
mately fifteen months postoperatively. The explanation of these changes may 
be on the basis of readjustment of residual pathways or may be ascribed to 
regeneration. The question of adrenalin sensitivity playing a role seems un- 
likely because on one side the procedure was postganglionic (stellate and 
thoracic two and three) whereas on the other side the stellate ganglion was 
not removed. There has been exactly similar improvement in each hand and 
a simultaneous return of sweating and cyanosis in each hand on exposure to 
eold. On the other hand, the toes have remained pink and warm and have 
been symptom-free. 

The second patient has also had a satisfactory improvement in the hyper- 
tensive vascular disease, although recently the blood pressure has mounted 
toward the preoperative level. The fingers have remained healed, warm, pink, 
and dry for twelve months following ablation of the stellate ganglion bilaterally 
along with the entire sympathetic chain to below lumbar 3. This woman pre- 
sented the unusual and unexpected finding of complete healing of the uleer- 
ations of the toes following a period of postoperative aggravation only to have 
a new ulceration develop on the second toe of the left foot some eight months 
postoperatively, and this ulcer has resisted all forms of therapy which have been 
applied in the outpatient department. Up to the present, the patient has 
refused to be readmitted to the hospital. The feet and toes are warm, dry, 
and pink, and the ulcerated toe appears entirely normal except for the super- 
ficial 10 by 15 mm. defect at the tip. Clinically, the lumbar aspect of the 
sympathectomy is complete and yet the local fault is sufficient to cause further 
uleeration. There is no evidence of any change in the palpable arteries of 
the feet. 

Finally, the facet that there have been only 2 patients with Raynaud’s 
disease in a series of 500 patients subjected to sympathectomy for hypertensive 
vascular disease would suggest that the two diseases are merely coincidental 


in the same patient, that one must invoke as an associated factor the local fault 
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aspect and that both conditions can be improved by total sympathectomy. 
Ray” has observed 1 patient with the two diseases in his series of approxi- 
mately 400 sympathectomies. He has seen 1 other individual who has not 
accepted the advice for surgical intervention and we have 2 more nonoper- 
ative patients with the two diseascs. One was in chronie congestive heart 
failure and operation was not advised, whereas the other patient failed to 
return to the clinic following his initial work-up. 


SUMMARY 


1. The incidence of the occurrence of Raynaud’s disease and hypertensive 
vascular disease in the same patient is relatively infrequent. 

2. The theories of etiology of Raynaud’s disease and hypertensive vascular 
disease are discussed briefly and the role of surgery of the sympathetic 
nervous system in each disease is considered. 

3. Two cases, both white women, who were moderately improved by 
total sympathectomy are reported. 

4. The viewpoint that Raynaud’s disease is probably the result of an 
interrelation and concomitant action of a local fault (hypersensitivity of the 
arterioles of the digit to a direct stimulant such as cold) and an overactivity 
of the sympathetic nervous system is upheld. 


REFERENCES 


. White, J. C., and Smithwick, R. H.: The Autonomic Nervous System. Anatomy, 
Physiology and Surgical Application, ed. 2, New York, 1941, The Macmillan Com- 
pany, 469 pp. 

. Adson, A. W., and Brown, G. E.: P. 187 in Allen, E. W., Barker, N. W., Hines, E. A., 
Peripheral Vascular Diseases. Philadelphia, 1946, W. B. Saunders Company. 

. Lewis, T.: Vascular Disorders of the Limbs, New York, 1936, The Macmillan Company, 
111 pp. 

. Morton, J. J., and Seott, W. J. M.: Some Angiospastic Syndromes in the Extremities, 
Ann. Surg. 84: 839-859, 1951. 

. Perera, A.: Hypertension: A Manifestation of Hypertensive Vascular Disease, New 
York State J. Med. 48: 1724, 1948. 4 ‘ 

. Goldring, W., and Chasis, H.: Hypertension and Hypertensive Disease, New York, 
1944, Commonwealth Fund, p. 2. 

. Hines, E. A., Jr. and Brown, G. E.: A Standard Test for Measuring the Variability of 
Blood Pressure: Its Significance as an Index of the Prehypertensive State, Ann. 
Int. Med. 7: 209-217, 1933. 

. Heinbecker, P.: Factors Limiting Surgery for Essential Hypertension, Ann. Surg. 
126: 535, 1947. 

. Smithwick, R. H.: A Technique for Splanchnie Resection for Hypertension, SuRGERY 
7: 1-8, 1940. 

. Grimson, K. §S.: Total Thoracic and Partial to total Lumbar Sympathectomy and 
Celiac Ganglionectomy in the Treatment of Hypertension, Ann. Surg. 114: 753-767, 
1941. 

. Ray, B. S., and Console, A. D.: Residual Sympathetic Pathways After Paravertebral 
Sympathectomy, J. Neurosurg. 5: 25-50, 1948. 

. Ray, B. 8.: Personal Communication. 

. Leinwand, I.: Hypertensive Vascular Disease Associated With Quadrilateral Raynaud’s 
Syndrome, Am. Heart J. (In press.) 

. De Bakey, M., Bureh, G., Ray, T., and Ochsner, A.: The ‘‘Borrowing-Lending’’ Hemo- 
dynamic Phenomenon (Hemometakinesia) and Its Therapeutic Application in 
Peripheral Vascular Disturbances, Ann. Surg. 126: 6, 1947. 





Case Reports 








UNUSUAL CASE OF GASTROINTESTINAL HEMORRHAGE 


W. Emory Burnett, M.D., George P. Rosemonp, M.D., 
H. Taytor CASWELL, M.D., AND JoHN H. Hau, M.D., PHILADELPHIA, PA. 


(From the Temple University Hospital) 
CASE REPORT 


V. G. was a white male, aged 7 years. This small boy was admitted on Sept. 28, 
1946, with a history of having been run over by a football player while standing 
on the side lines watching a football game. He was momentarily unconscious, and when he 
recovered, he complained of severe abdominal pain. On admission to the hospital shortly 
after the accident, he was obviously in shock and showed evidence of intra-abdominal bleed- 
ing. An emergency laparotomy was performed several hours after admission and a stellate 
laceration of the dome of the liver was found beginning at its base near the exit of the hepatic 
veins and extending across the dome close to the anterior edge of the liver with another exten- 
sion near the center of this laceration, giving it a Y-shaped appearance. The laceration ap- 
peared to be rather deep, although its exact depth was not determined. It was bleeding freely 
when first noted. Bleeding was controlled by compression of the portal vein and hepatic 
artery at the foramen of Winslow. The laceration was repaired and bleeding apparently con- 
trolled, using interrupted catgut sutures. Blood was replaced by transfusions. The patient 
responded well initially, and by Sept. 30, 1946, the red count was 4,530,000 with 13.3 Gm. of 
hemoglobin. On Oct. 7, 1946, he complained of upper abdominal pain, and a blood count was 
done on Oct. 8, 1946, which showed a red count of 3,980,000 with 11 Gm. of hemoglobin. He 
continued to have several episodes of severe crampy, upper abdominal pain and each time he 
vomited. No blood was noted in the vomitus. The red count fell to 2,960,000 with 9 Gm. of 
hemoglobin on Oct. 9, 1946, and it was necessary to give him a transfusion. The patient also 
looked somewhat pale. Re-exploration was done on Oct. 11, 1946, with the idea that he might 
have secondary hemorrhage from the liver, but the suture line seemed intact, and the sur- 
rounding liver felt somewhat soft on palpation. His course was rather stormy after the sec- 
ond operation, and he continued to have episodes of abdominal pain which were associated 
with vomiting. He vomited first plain fluid and then a small quantity of bright red blood 
and shortly afterward had a large, tarry bowel movement. In addition, he was exhibiting some 
evidences of infection as shown by temperature elevation. Chest x-ray examination showed 
fluid in the right side of the chest and an elevation of the diaphragm. It was established by 
means of aspiration that there was some subphrenic infection. This was treated by repeated 
aspiration and instillation of penicillin and streptomycin. The subphrenic infection appeared 
to improve, but his course was still quite rocky and occasional transfusions were necessary to 
keep the blood count relatively normal. Fever continued and on Nov. 25, 1946, the abdomen 
was re-explored and the subphrenic space was drained. This so-called subphrenic abscess con- 
sisted mainly of blood clot which seemed to be decomposed and, on culture, no definite organ- 
isms were found. 

Following the third operation, the patient once more appeared improved, but shortly 
afterward he began again to have episodes of severe epigastric pain, referred through to the 
back, accompanied by eventual vomiting of small amounts of bright red blood and the sub- 
sequent passage of a large amount of digested blood by rectum. At this time, the idea that 
the bleeding might be coming down the common duct was seriously considered. Several of 
these episodes were so severe as to be practically exsanguinating, and only because 1000 c.c. 
of blood were kept constantly near by for his use did he survive. Although he never had an 
obvious jaundice, on Dec. 19, 1946, the icterus index was 20; on several other occasions it was 
within normal limits. 

Since these episodes continued, on Dec. 31, 1946, exploration through the abdomen was 
once more done. No free blood was found. The stomach and duodenum were opened and in- 
spected, and no lesion could be seen. No blood could be expressed through the ampulla of 
Vater. The gall bladder was aspirated and no blood could be obtained. The common duct 
was opened and profuse bright red blood flowed from it, in spurts simultaneous with the 
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arterial pulse. This was controlled by compressing the duct. The patient had vomited blood 
for the second time during the day just two hours before this operation and, because of his 
very poor condition, a catheter was left in the common duct, and the wound was closed. We 
felt it unwise to open the right lobe of the liver although we suspected the source of the bleed- 
ing to be in the depths of the stellate laceration. Cholangiography was done on Jan. 8, 1947, 
and a markedly dilated common duct, which was thought to be filled with blood clot and some 
nonopaque bile pigment, was seen. The patient was again prepared for operation, since the 
episodes were continuing, and on Jan. 16, 1947, thoracoabdominal exploration of the liver was 
carried out. Underlying the diaphragm, at the region of the original wound in the liver, was a 
shallow channel extending up to the midline which contained a small amount of thin fluid and 
some necrotic material. This channel, on further exploration, was found to extend deeply 
within the substance of the liver toward the hilus, and here it was filled with organized blood 
clot. Deep within the substance of the liver there was a large cavity. This cavity was tightly 
filled with a large blood clot which was fairly well organized and rather firmly adherent to 
the posterior and superior walls. On the floor of this cavity near its lateral termination, a 
large spurting vessel could be seen after removal of the clot. This vessel was sutured and 
the cavity lined with oxidized cellulose soaked in thrombin. A No. 16 rubber catheter was 
left in the cavity and pulled out through the wound for evacuation of drainage. The thoracic 
portion of the wound was closed after the lung was completely expanded. This procedure was 
also only temporary, and on Jan. 22, 1947, the wound was reopened, the cellulose packing re- 
moved, and another arterial bleeder located and ligated. Cellulose packing soaked in thrombin 
was spread out over the surface of the cavity and was tightly packed into the cavity with a 
2 inch plain gauze packing, making a Mikulicz-type pack. No further bleeding occurred after 
this procedure. On Feb. 5, 1947, the packing was removed and the cavity inspected. The 
cavity in the liver was filled with bile-stained packing. Blood had impregnated only the top 
packing, suggesting that the bleeding had completely stopped. When the packing was re- 
moved, healthy granulations were visible in the wall of the large cavity in the liver, measuring 
about 12 cm. in depth and 6 to 8 em. across. What appeared to be an open biliary duct was 
visualized at the bottom of the cavity. No effort was made to suture this for fear of start- 
ing more bleeding, and the wound was left almost entirely open for drainage. No further 
bleeding episodes occurred and the cavity gradually filled in. For about one month after the 
packing was removed, there was bile drainage in decreasing amounts. By April 8, 1947, the 
wound was entirely closed. 

The patient rapidly regained his health and strength. At one period, he was gaining 
as much as two pounds a day. He was last examined in the office on June 15, 1948, more than 
one year following the complete closure of the wound. At that time, he had no complaints 
and was extremely well. He was husky and healthy looking and growing normally. We are 
unable to determine the size of the liver because of the scars in the area, but percussion sug- 


gests that it is still slightly enlarged. 


DISCUSSION 


The subject of hemorrhage into the biliary tract following trauma, known 
as traumatie hemobilia, has been recently discussed in the JOURNAL by Dr. 
Philip Sandblom* of Stockholm, Sweden. He reported that such a condition 
has heen previously observed only rarely. He was able to find only nine cases 
in which trauma to the liver had resulted in hemorrhage to the biliary tract. 
The diagnosis in the majority of the reported cases has been by supposition, and 
this case, which was so definitely proved by the numerous surgical procedures, 
seems quite unique. The characteristic picture of gastrointestinal hemorrhage 
associated with simulated biliary colic and preceded by trauma to the liver 
should make one suspect the true diagnosis. In the cases collected by Sandblom, 
the bleeding was generally transient. Our case illustrates the fact that ex- 
sanguinating hemorrhages into the biliary system can occur from deep lacera- 


tion of the liver. 


*Sandblom, Philip: Hemorrhage Into the Biliary Tract Following Trauma—‘“Traumatic 
Hemobilia,” SuRGERY 24: 571-586, 1948. 





Editorial 








Mixed Tumors of Anlage Origin 


ARIOUS suggestions have been advanced to explain the structure and 

cellular origin of anlage tumors of the salivary gland type that formerly 
were called ‘‘mixed tumors of the salivary glands.’’ This older name implies 
their origin from two of the germ layers and a close relation to salivary glands. 
Recently Hellwig? reviewed the principal theories of the cellular origin of 
these neoplasms and concluded that they are derived from misplaced elements 
of the notochord. <A group of salivary gland tumors segregated by Stewart, 
Foote, and Becker? was designated by them as ‘‘muco-epidermoid’’ tumors. 
They implicated the salivary gland ducts as the anatomie site of origin. The 
name ‘‘adenomyoepithelioma of the palatal mucous glands’’ was applied by 
Bauer and Fox® to another group. These were believed to arise from cells 
lining the interealated ducts of the palatine mucous glands. Further inquiry 
into the cellular structure of the so-called salivary gland tumors led to the con- 
clusion that they are derived from embryonal rests of the ectoderm.* This 
concept affords a reasonable explanation of the varied cellular patterns and 
behavior of these growths. 

Cells left over in the process of evolution of the individual are present 
at many sites. These cells usually remain dormant. If the cell rests com- 
mence to proliferate, they may reproduce a complete pattern forming an aber- 
rant organ, or they may develop into a so-called benign neoplasm, or they may 
form a cancerous growth. A neoplasm of cell rest or anlage origin imitates 
the pattern of the tissue or organ in the formation of which the cell rest would 
have participated. Depending on the stage of development of the individual 
at the time when the cells became segregated, these growths may be simple 
neoplasms mimicking a tissue, or they may be mixed tumors mimicking an 
organ, or teratomas mimicking an individual.® 

A familiar example of tumors of anlage origin mimicking a tissue is the 
adamantinoma. Such neoplasms usually occur about the jaw and occasionally 
at the base of the skull in the region of the sella turcica. Rarely an adaman- 
tinoma has been observed also in other locations, like the tibia. Adaman- 
tinomas are composed of ameloblasts, cells which form the enamel of the 
tooth. The ameloblasts mimic the structure of a budding enamel body. The 
adamantinoma or ameloblastoma is an ectodermal epithelial growth, the sup- 
porting stroma of which is provided by the surrounding connective tissue. 

The anlage tumors of the salivary gland type are examples of mixed 
tumors mimicking organs. Such growths usually oceur along the lines of 
fusion of embryonal facial fissures where salivary glands are numerous. They 
have also been observed at sites distant from the head, where salivary glands 
do not usually oceur. Since these growths do not reproduce nor imitate the 
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normal structure of the salivary glands, there is no reason to assume other 
than an incidental relation between them and the salivary glands. This is 
further evidenced by the occasional extension of the growth into the near-by 
glandular tissue without disturbing or distorting the pattern of the gland. 
This relation suggests a juxtaposition rather than derivation from the salivary 


gland. 
The differences in structural patterns between the adamantinomas and 


the anlage tumors of the salivary gland type may be attributed to at least two 
factors. One of these is the influence of the environment on the neoplasms in 
their respective sites. The other is the stage of evolution of the cell rests at 
the time when they became separated from the ectoderm. Adamantinomas are 
apparently of more recent genetic origin, hence their simpler range of varia- 
tion in cellular structure. The anlage tumors of the salivary gland type are 
genetically older. The stroma in these growths is a part of the neoplasm. The 
groups of cells from which these neoplasms are derived must have separated 
from the ectoderm at the stage when they had as yet not acquired their dom- 
inant characters as ectodermal and mesodermal cells, hence, their ability to 
differentiate into both ectodermal and mesodermal tissues. In these growths 
there are marked variations in the cellular patterns. There are present in 
varying proportions undifferentiated and differentiated epithelial elements, 
embryonal connective tissue, adipose tissue, spaces lined by endothelium, 
young and adult connective tissue, hyaline cartilage, and osseous tissue. There 
may be observed an apparent transformation of ectodermal elements into 
mesodermal tissue elements, such as the gradual transition of epithelial cells 
into cells of hyaline cartilage. 

Among 38 anlage tumors of the salivary gland type observed at the Uni- 
versity of Oklahoma Hospitals, 29 were located in or about the parotid glands, 
6 in or about the submandibular glands, and 3 in the maxilla.? These neo- 
plasms also occasionally occur on the head at, or near, embryonal facial fissures at 
sites where there are usually no salivary glands, such as about the eyes.’ They 
have also been observed in locations distant from the head. According to a 
recent survey, about 20 such neoplasms have been reported. Of these, 12 were 
on the upper extremities, 3 on the lower extremities, and 1 each in the inguinal 
region, the vulva, in the sternum, and in the mammary gland. Recently 3 
additional tumors about the eyes and 3 which were distant from the head have 
been observed: one over the sternum, one in the mammary gland, and one on 
the back. That on the back is believed to be the first anlage tumor in this 
location.® 

In the growths occurring at sites distant from the head there is a less 
complicated pattern with a predominance of the epithelial elements. There 
is also less tendency to the production of cartilage and other mesodermal] tissue 
elements. These differences in cellular patterns may be attributed to local in- 
fluences on the anlage from which the growths are derived. On close serutiny 
of the microscopic structure, however, no fundamental difference is disclosed 
between the anlage tumors of the salivary gland type occurring in sites usual 
for these growths and those occurring elsewhere. The morphologic observa- 





tions, as a whole, reinforce the concept of the anlage origin of these growths 
and support the idea that the proximity to salivary glands is incidental rather 
than essential. A suitable designation, therefore, for such a growth is ‘‘mixed 
tumor of anlage origin’’ with mention of the site where it happens to occur. 


—Beéla Halpert. 
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Gangrene and phlegmasia cerulea dolens as- 
sociated with thrombophlebitis 
(DeBakey and Ochsner), 16 
Gangrenous ileum, primary resection of, with 
anastomosis and survival in nine- 
teen-day-old infant (Baronofsky 
and Nelson), 146 


\. S 
Ganglion, 
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Gastrectomy, total (Scott, Jr., and Longmire, 
Jr.), 488 
Gastrie acidity, relationship of, to gastric 
and extragastric neoplasms (Niazi 
et al.), 131 
cancer, evaluation of electrogastrography 
in diagnosis of (Sawyer et al.), 
479 
duodenal, and gastrojejunal ulcer, physio- 
logic basis of operations for 
(Mayo, Jr.), 251 
Gastroduodenal mucosa, production of lesions 
of, by frequent sham feeding 
(Fainer et al.), 816 
Gastrointestinal hemorrhage, unusual case of 
(Burnett et al.), 1044 
tract, effects of new quaternary amine and 
imidazoline derivative upon (Lon- 
gino et al.), 431 
Gastrojejunal, duodenal, and gastric ulcer, 
physiologic basis of operations 
for (Mayo, Jr.), 251 
Gastrostomy wounds, healing of ; wound heal- 
ing and heparin (Bendix and 
Necheles), 802 
Gauging system, impedance, for measurement 
of biologie pressure’ variables 
(Schafer and Shirer), 446 
Gelatin hemostatic agents and oxidized cellu- 
lose in experimentally contami- 
nated renal wounds, local reaction 
to (Hinman, Jr., and Babcock), 
633 
Giant pharyngoesophageal diverticulum (Mino 
et al.), 237 
Glandular dissection, regional, local excision 
plus; quarterectomy in malignant 
melanoma (Bowers), 527 
Graft, free inlay skin, preschool age repair 
of hypospadias with (Young and 
Benjamin), 384 
vein, use of, to replace defects of large 
arteries (Johnson et al.), 945 
Gram-negative bacilli, sulfamethazine in 
treatment of urinary infections 
due to (Rutenburg and Schwein- 
burg), 215 


H 
Healing, wound, and heparin, using heparin 
deposits (Bendix and Necheles), 
799 
Heart rate, human (Smithwick et al.), 727 
revascularization of (Beck), 82 
stab wound of, followed by temporary 
cessation of heartbeat with resus- 
citation by cardiac massage 
(Loken et al.), 745 
Heartbeat, temporary cessation of, with re- 
suscitation by cardiac massage, 
stab wound of heart followed by 
(Loken et al.), 745 
Heat, excessive, trigger finger produced by 
(Engel), 659 
Hemangioma of breast (Madding and Hersh- 
berger), 685 
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Hemipelvectomy (Ravitch), 199 


Hemorrhage, gastrointestinal, unusual case 
of (Burnett et al.), 1044 
complications from injuries to 
major arteries (Herrmann and 
Buchman), 60 
agents, gelatin, and oxidized 
cellulose in experimentally con- 
taminated renal wounds, local re- 
action to (Hinman, Jr., and Bab- 
cock), 633 
starch sponge (Rosenfeld), 842 
Henry approach to femoral hernia (Musgrove 
and McCready), 608 
Heparin, study of effect of, on local pathol- 
ogy of burns (McCleery et al.), 
548 
and wound healing, using heparin deposits 
(Bendix and Necheles), 799 
Hernia, femoral, Henry approach to (Mus- 
grove and McCready), 608 
traumatic iliac, with extensive soft tissue 
loss (Lewin and Bradley), 601 
Hormone preparations in treatment of Mann- 
Williamson dogs (Sandweiss and 
Saltzstein), 647 
Human heart rate (Smithwick et al.), 727 
Hyperhidrosis (Veal and Shadid), 89 
Hypertension, corticoadrenal factor in 
(de Takats), 67 
portal, portacaval anastomosis for (Blake- 
more), 99 
Hypertensive vascular disease associated with 
quadrilateral Raynaud’s disease 
treated by total sympathectomy 
(Leinwand et al.), 1034 
Hypertrophies, mammaplastic substitute for 
amputation in (Maliniac), 573 
Hypochloremic alkalosis; potassium deficiency 
in surgical patients (Randall et 
al.), 352 
Hypospadias, preschool age repair of, with 
free inlay skin graft (Young and 
Benjamin), 384 


primary ; 


Hemostatic 


I 


lleostomies and fistulas, original drainage 
cup apparatus for (Bellinger), 
837 

lleum, gangrenous, primary resection of, witli 
anastomosis and survival in nine- 
teen-day-old infant (Baronofsky 
and Nelson), 146 

Iliac hernia, traumatic, with extensive soft 
tissue loss (Lewin and Bradley), 
601 

Ilium, osteoplastic mobilization of (Bruecke 
and Moser), 653 

Imidazoline derivative, new, and new quater- 
nary amine, effects of, on autono- 
mic nervous system (Longino et 
al.), 421 

Impedance gauging system for measurement 
of biologic pressure variables 
(Schafer and Shirer), 446 
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Incontinence, urinary, method for controlling 
(Swenson et al.), 405 
Infant, nineteen-day-old, primary resection of 
gangrenous ileum with anastomo- 
sis and survival in (Baronofsky 
and Nelson), 146 
Infections, established wound, streptomycin 
therapy in (Pulaski and Connell, 
Jr.), 622 
surgical, clinical aspects and treatment of, 
887 (B. Rev.) 
urinary, due to gram-negative bacilli, sul- 
famethazine in treatment of 
(Rutenburg and Schweinburg), 
215 
Injuries to major arteries, complications re- 
sulting from (Herrmann and 
Buchman), 59 
Inlay skin graft, free, preschool age repair 
of hypospadias with (Young and 
Benjamin), 384 
radioactive iodine, administered, 
rate of conversion of, into protein- 
bound iodine of plasma as aid in 
evaluation of thyroid function 
(Clark et al.), 331 
Intake, caloric, influence of, upon fate of 
parenteral nitrogen (Ellison et 
al.), 374 
Interruptions, surgical, at various levels; 
management of recovery from 
venous thrombosis in lower limbs 
(Homans), 8 
Intestinal intubation, ligament of Treitz as 
barrier to (Cantor), 673 
lipodystrophy or Whipple’s disease (Cop- 
land et al.), 688 
Intrathoracie neurofibroma, solitary (Touroff 
and Sapin), 787 
surgery in dog, respirator for use in 
(Gunkler and Mahoney), 821 
Intubation, intestinal, ligament of Treitz as 
barrier to (Cantor), 673 
Intussusception, jejunal (Dunn and Shear- 
burn), 833 
Iodine, administered inorganic radioactive, 
rate of conversion of, into protein- 
bound iodine of plasma as aid in 
evaluation of thyroid function 
(Clark et al.), 331 


J 


Inorganic 


Jejunal alimentation, observations in (Case 
et al.), 364 
intussusception (Dunn and Shearburn), 833 
uleer; physiologic basis of operations for 
ulcer (Mayo, Jr.), 300 


K 
Kidney, artificial, clinical experiences with 
(Ripstein et al.), 229 
Knee, disabilities of (Buirge), 770 


L 


Leg muscles, electrical stimulation of, pre- 
vention of venous thrombosis and 
pulmonary embolism by (Tichy), 
109 
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Lesions of gastroduodenal mucosa, production 
of, by frequent sham feeding 
(Fainer et al.), 816 

Ligament of Treitz as barrier to intestinal 
intubation (Cantor), 673 

Ligation of artery, collateral circulation in 
presence of arteriovenous fistula 
following; dynamics of blood flow 
(Holman), 889 

Limbs, lower, venous thrombosis in, manage- 
ment of recovery from (Ho- 
mans), 8 

Lipodystrophy, intestinal, or Whipple’s dis- 
ease (Copland et al.), 688 

Lobes, cleft left upper, and split anterior 
bronchus (Boyden), 167 

Local reaction to oxidized cellulose and gela- 
tin hemostatic agents in experi- 
mentally contaminated renal 
wounds (Hinman, Jr., and Bab- 
cock), 633 

Loop, afferent jejunal, relation of length of, 

to incidence of jejunal ulcer; 

physiologic basis of operations for 

uleer (Mayo, Jr.), 303 

sympathetic ganglionectomy and 

aneurysmectomy; arteriosclerotic 

popliteal aneurysm (Linton), 41 

and venous stasis in lower ex- 

tremities (Scott and Radakovich), 

970 


Lumbar 


Lymphatic 


M 


Malignant melanoma, application of quarter- 
ectomy in (Bowers), 52: 
Mac- 


neoplasms of thyroid (Lange and 
lean), 862 
tumors of pelvic girdle; 
(Ravitch), 199 
Mammaplastie substitute for amputation in 
hypertrophies (Maliniac), 573 


hemipelvectomy 


vancer, advanced, treatment of, 
with estrogens (Cutler et al.), 567 
Mandible, excision of, for neoplastic disease 
(Slaughter et al.), 507 
Mann-Williamson dogs, hormone preparations 
in treatment of (Sandweiss and 
Saltzstein), 647 
cardiac, experimental study of 
(Johnson and Kirby), 472 
resuscitation by, stab wound of heart 
followed by temporary cessation 
of heartbeat with (Loken et al.), 
745 
Mastectomy, simple, or local excision prior 
to radical mastectomy for carcin- 
oma of breast, implications of 
(Lockhart and Ackerman), 577 
Measurement of biologic pressure variables, 
impedance gauging system for 
(Schafer and Shirer), 446 
of cardiac frontal area, in patients with 
arteriovenous fistulas (Shumacker, 
Jr., and Stahl), 93 
Mechanical (traumatic) factor; physiologic 
basis of operations for ulcer 
(Mayo, Jr.), 282 
Meconium peritonitis (Low et al.), 223 
Meetings, recent, review of, 565 


Mammary 


Massage, 
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Melanoma, malignant, application of quarter- 
ectomy in (Bowers), 523 
Meniscectomy, selection and preparation of 
patients for; disabilities of knee 
(Buirge), 771 

Miller-Abbott tube, unusual complication of 
use of; jejunal intussusception 
(Dunn and Shearburn), 833 

Mobilization, osteoplastic, of ilium (Bruecke 

and Moser), 653 

operative, operations 

principles affecting 

esophageal anastomosis (McNeer), 

590 

Motor physiology of stomach; 
basis of operations for 
(Mayo, Jr.), 268 

Mucosa, gastroduodenal, production of lesions 
of, by frequent sham feeding 
(Fainer et al.), 816 

Muscles, leg, electrical stimulation of, preven- 
tion of venous thrombosis and pul- 
monary embolism by (Tichy), 109 

Myasthenia gravis, thymectomy for (Clagett 
et al.), 852 


without ; 
successful 


Mortality, 


physiologic 
ulcer 


N 


Necrosis and radiodermatitis (Cronin and 
Brauer), 665 
Neoplasms, gastric and extragastric, relation 
ship of gastric acidity to (Niazi 
et al.), 131 
malignant, of thyroid 
lean), 862 
Neoplastic disease, excision of mandible for 
(Slaughter et al.), 507 
Nephrotoxicity of bacitracin in man (Michie 
et al.), 626 
Nerves, anatomy of, supplying common duct 
and proximal duodenum (Royster 
et al.), 413 
surgery, peripheral, tension on suture line 
in (Cliffton), 756 
Nervous system, autonomic, effects of new 
quaternary amine and new imida- 
zoline derivative on (Longino et 
al.), 421 
sympathetic, effect of removing portions 
of; human heart rate (Smithwick 
et al.), 727 
Neurectomy, sympathetic, in Raynaud’s dis- 
ease, evaluation of (Felder et al.), 
1014 
Neurofibroma, solitary intrathoracic (Touroff 
and Sapin), 787 
Neurogenic factor; physiologic basis of oper- 
ations for ulcer (Mayo, Jr.), 286 
parenteral, fate of, influence of 
valoric intake upon (Ellison et 
al.), 374 


(Lange and Mac- 


Nitrogen, 


O 


“oOo > 


Obstetric analgesia and anesthesia, 722 (B. 
Rev.) 

Older age group, technique for division and 
suture of patent ductus arterio- 
sus in (Freeman et al.), 103 














Operative management of carcinoma of 
colon (Gunkler and Pearse), 499 
mortality, operations without; principles 
affecting successful esophageal 
anastomosis (McNeer), 590 
technique; hemipelvectomy (Ravitch), 
199 
total gastrectomy (Scott, Jr., and Long- 
mire, Jr.), 488 
Osteomyelitis caused by Salmonella para- 
typhi (Bacillus paratyphosus A) 
(Ludwig), 139 
Osteoplastic mobilization of ilium (Bruecke 
and Moser), 653 
Oxidized cellulose and gelatin hemostatic 
agents in experimentally con- 
taminated renal wounds, local re- 
action to (Hinman, Jr., and Bab- 
cock), 633 


\ 


Pancreas, calculosis and fibrosis of (Bogle), 
244 

Pancreatitis, acute: 
into blood 
al.), 161 

-arenteral nitrogen, fate of, 
ealorie intake upon 
al.), 374 

Patella, old united and ununited fractures 
of (Paschall, Jr., et al.), 777 

Pathology, local, of burns, study of effect 
of heparin on (McCleery et al.), 
548 

Pelvis, true, new operative approach to in- 
terior of; osteoplastie mobiliza- 
tion of ilium (Bruecke and 
Moser), 653 

Peptic ulcer, etiology of; physiologic basis 
of operations for ulcer (Mayo, 
Jr.), 269 

Perforating veins, test for incompetence in; 
venous and lymphatic stasis in 
lower extremities (Scott and 
Radakovich), 970 

Peripheral nerve surgery, tension on suture 

line in (Cliffton), 756 

disease, far-advanced arterio- 

sclerotic, early results of sym- 

pathectomy in (Coller et al.), 3 

Peritonitis, meconium (Low et al.), 2235 


pathways of enzymes 
stream (Howard et 


influence of 
(Ellison et 


vaseular 


Pharyngoesophageal diverticulum, giant 
(Mino et al.), 237 
Phlebitis, superficial migratory; study of 


patients with thromboangiitis 
obliterans (Campbell et al.), 1005 
Phlegmasia cerulea dolens and gangrene 
associated with thrombophlebitis 
(DeBakey and Ochsner), 16 
Physiologie basis of operations for duode- 
nal, gastric, and gastrojejunal 
ulcer (Mayo, Jr.), 251 
Plasma, protein-bound iodine of, rate of con- 
version of administered inorganic 
radioactive iodine into, as aid in 
evaluation of thyroid function 
(Clark et al.), 331 
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Pneumonectomy for pulmonary tuberculosis 
in woman six months pregnant, 
followed by normal birth (Thomp- 
son and Bressler), 242 

Polyethylene tubes, use of, for improvement 
of functional results in dog; ex- 
perimental tendon repair within 
flexor tunnels (Gonzalez), 181 

Popliteal aneurysm, arteriosclerotic (Linton), 
41 

Portacaval anastomosis for portal hyperten- 
sion (Blakemore), 99 

Positions, roentgenographiec, atlas of, 887 (B. 
Rev.) 

Postoperative management; total gastrectomy 
(Seott, Jr., and Longmire, Jr.), 
489 

Postphlebitic, normal, and varicose extremi- 

ties, venous pressures in saphenous 

system in (Warren et al.), 435 

deficiency in surgical patients 

(Randall et al.), 341 

Pregnant, woman six months, pneumonectomy 

for pulmonary tuberculosis in, fol- 

lowed by normal birth (Thompson 

and Bressler), 242 

age repair of hypospadias with 

free inlay skin graft (Young and 

Benjamin), 384 

Pressure test, walking venous, as method of 
evaluation of varicose veins 
(White and Warren), 987 

variables, biologic, impedance gauging sys- 
tem for measurement of (Shafer 
and Shirer), 446 

Priscol, Etamon, and Dibenamine, sympatho- 
lytic effects of, in dogs with re- 
sults of aetual sympathectomy 
(Marzoni et al.), 117 

Prophylaxis and treatment of venous throm- 
bosis and pulmonary embolism 
(Allen), 1 

Protein-bound iodine of plasma, rate of con- 
version of administered inorganic 
radioactive iodine into, as aid in 
evaluation of thyroid function 
(Clark et al.), 331 

Pulmonary arterioles and capillaries, experi- 
mental embolism of (Griffin, Jr., 
and Essex), 707 

embolism and venous thrombosis, preven- 
tion of, by electrical stimulation 
of leg muscles (Tichy), 109 

prophylaxis and treatment of (AI- 

len), 1 

tuberculosis, pneumonectomy for, in woman 
six months pregnant, followed by 
normal birth (Thompson and 
Bressler), 242 


Quarterectomy—its application in malignant 
melanoma (Bowers), 523 


R 


Radical mastectomy, local excision or simple 
mastectomy proir to, for ecarcin- 
oma of breast, implications of 

(Lockhart and Ackerman), 577 


Potessium 


Preschool 
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Radioactive iodine, administered inorganic, 
rate of conversion of, into protein- 
bound iodine of plasma as aid in 
evaluation of thyroid function 
(Clark et al.), 331 

Radiodermatitis and necrosis 
Brauer), 665 

Raynaud’s disease, quadrilateral, hyperten- 
sive vascular disease associated 
with, treated by total sympathec- 
tomy (Leinwand et al.), 1034 

sympathetic neurectomy in, evaluation of 

(Felder et al.), 1014 

local, to oxidized cellulose and 

gelatin hemostatic agents in ex- 

perimentally contaminated renal 
wounds (Hinman, Jr., and Bab- 

cock), 633 

Rectum, cancer of (Bacon), 584 

Renal wounds, experimentally contaminated, 
local reaction to oxidized cellulose 
and gelatin hemostatic agents in 
(Hinman, Jr., and Babcock), 633 

Repair, experimental tendon, within flexor 
tunnels: use of polyethylene tubes 
for improvement of functional re- 
sults in dog (Gonzalez), 181 

preschool age, of hypospadias with free 
inlay skin graft (Young and Ben- 
jamin), 384 

Resection, combined neck and jaw, technique 
of; excision of mandible for neo- 
plastic disease (Slaughter et al.), 
d17 


(Cronin and 


Reaction, 


gastric, incidence of jejunal ulcer after; 
physiologic basis of operations for 
ulcer (Mayo, Jr.), 302 

primary, of gangrenous ileum with anas- 
tomosis and survival in nineteen- 


day-old infant (Baronofsky and 
Nelson), 146 
of segments of auricular wall (Brunschwig 
and Robbins), 612 

Respirator for use in intrathoracic surgery in 
dog (Gunkler and Mahoney), 821 

Resuscitation by cardiac massage, stab wound 
of heart followed by temporary 
cessation of heartbeat with (Loken 
et al.), 745 

Retroperitoneal spaces, lateral, primary tera- 
tomas of (Palumbo et al.), 149 

Revascularization of heart (Beck), 82 

Review of recent meetings, 565 

Rib, huge chondrosareoma of (Davis et al.), 
$99 

Roentgenographic positions, 


(B. Rev.) 


atlas of, 887 


Ss 


Salmonella paratyphi (Bacillus paratyphosus 
A), osteomyelitis caused by (Lud 
wig), 139 
system, venous pressures in, in 
normal, varicose, and postphlebitic 
extremities (Warren et al.), 435 
varices, pure; walking venous pressure test 
as method of evaluation of vari- 
cose veins (White and Warren), 
988 


Saphenous 








SUBJECT INDEX 


primary splenic (Campbell and 
Lubechenco), 847 
Secretin factor, physiologic basis of opera 
tions for ulcer (Mayo, Jr.), 307 
Secretion, gastric; physiologic basis of opera- 
tions for ulcer (Mayo, Jr.), 255 
Sensitivity factor; physiologic basis of opera- 
tions for ulcer (Mayo, Jr.), 311 
Sham feeding, frequent, production of lesions 
of gastroduodenal mucosa by 
(Fainer et al.), 816 
Sinus, arterialization of; revascularization of 
heart (Beek), 83 
Skin graft, free inlay, preschool age repair 
of hypospadias with (Young and 
Benjamin), 384 
Society of University Surgeons, 331-566 
meeting of (Shumacker, Jr.), 565 
for Vascular Surgery, 1-108; 889-1043 
Solitary intrathoracic neurofibroma (Touroff 
and Sapin), 787 
Spasm, traumatic, factors affecting diameter 
of large arteries with particular 
reference to (Kinmonth et al.), 
452 
Spatial factor; physiologic basis of opera- 
tions for uleer (Mayo, Jr.), 309 
Specialization, further (Ravdin), 861 (£.) 
Splenic sarcoma, primary (Campbell and Lub- 
chenco), 847 
Split anterior bronchus and cleft left upper 
lobes (Boyden), 167 
stareh—hemostatie agent 
feld), 842 
Spontaneous external biliary fistulas (Henry 
and Orr, Jr.), 641 
Stab wound of heart followed by temporary 
cessation of heartbeat with resus- 
citation by cardiac massage 
(Loken et al.), 745 
Starch, embolism with, in rabbits and dogs; 
experimental embolism of pulmo- 
nary arterioles and _ capillaries 
(Griffin, Jr., and Essex), 711 
sponge—hemostatic agent (Rosenfeld), 842 
Stasis, venous and lymphatic, in lower ex- 
tremities (Scott and Radakovich), 
970 
Sterility and impaired fertility, 887 (B. Rev.) 
Stomach, motor physiology of; physiologic 
basis of operations for ulcer 
(Mayo, Jr.), 268 
Streptomycin therapy in established wound 
infections (Pulaski and Connell, 
Jr.), 622 
‘“blood,’’ 
705 (E.) 
Sulfamethazine in treatment of urinary infec 
tions due to gram-negative bacilli 
(Rutenburg and Schweinburg), 
‘ 215 
Sulfate, barium embolism with, in dogs; ex- 
perimental embolism of pulmonary 
arterioles and capillaries (Griffin, 
Jr., and Essex), 714 
Surgeons, University, meeting of Society of 
(Shumacker, Jr.), 565 


Sarcoma, 


Sponge, (Rosen- 


Substitute, quest for (Ravdin), 
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Surgery, intrathoracic in dog, respirator for 
use in (Gunkler and Mahoney), 
821 
peripheral nerve, tension on suture line in 
(Cliffton), 756 
cotton as suture material in 
(Smith and Weaver), 827 
Surgical infections, clinical aspects and treat- 
ment of, 887 (B. Rev.) 
management and results (I); studies in 
acute cholecystitis (Dunphy and 
Ross), 539 
patients, potassium deficiency in (Randall 
et al.), 341 
practice, British, 888 (B. Rev.) 
technique; thymectomy for myasthenia 
gravis (Clagett et al.), 852 
Suture and division of patent ductus arterio- 
sus in older age group, technique 
for (Freeman et al.), 103 
line, tension on, in peripheral nerve sur- 
gery (Cliffton), 756 
material, cotton as, in urologic surgery 
(Smith and Weaver), 827 
Sympathectomy, early results of, in far- 
advanced arteriosclerotic periph- 
eral vascular disease (Coller et 
al.), 30 
patients who underwent; study of patients 
with thromboangiitis obliterans 
(Campbell et al.), 1008 
results of actual, sympatholytic effects of 
Priscol, Etamon, and Dibenamine 
in dogs with (Marzoni et al.), 117 
hyperhidrosis (Veal and Shadid), 96 
total, hypertensive vascular disease asso- 
ciated with quadrilateral Ray- 
naud’s disease treated by (Lein- 
wand et al.), 1034 
Sympathetic ganglionectomy, lumbar, and 
aneurysmectomy; arteriosclerotic 
popliteal aneurysm (Linton), 41 
nervous system, effect of removing por- 
tions of; human heart rate 
(Smithwick et al.), 727 
neurectomy in Raynaud’s disease, evalua- 
tion of (Felder et al.), 1014 
Sympatholytic effects of Priscol, Etamon, and 
Dibenamine in dogs with results 
of actual sympathectomy (Mar- 
zoni et al.), 117 


urologic, 


T 


Technique, new, and guide for angiostomy 

(Dale), 810 
surgical; thymectomy for myasthenia gravis 

(Clagett et al.), 852 

Tendon repair, experimental, within flexor 
tunnels: use of polyethylene tubes 
for improvement of functional re- 
sults in dog (Gonzalez), 181 

Tension on suture line in peripheral nerve 
surgery (Cliffton), 756 

Teratomas, primary, of lateral retroperitoneal 
spaces (Palumbo et al.), 149 

Test, walking venous pressure, as method of 
evaluation of varicose veins (White 
and Warren), 987 
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anticoagulant, complications of 
(Lilly and Lee), 957 
streptomycin, in established wound infec- 
tions (Pulaski and Conneil, Jr.), 
622 
Thoracic duct, variations of (Van Pernis), 
806 
Thromboangiitis obliterans (Buerger’s dis- 
ease), study of patients with 
(Campbell et al.), 1003 
Thrombophlebitis, phlegmasia cerulea dolens 
and gangrene associated with 
(DeBakey and Ochsner), 16 
Thrombosis, venous, in lower limbs, manage- 
ment of recovery from (Ho- 
mans), 8 
and pulmonary embolism, prevention of, 
by electrical stimulation of leg 
muscles (Tichy), 109 
prophylaxis and _ treatment of 
(Allen), 1 
Thymectomy for myasthenia gravis (Clagett 
et al.), 852 
Thyroid function, rate of conversion of ad- 
ministered inorganic radioactive 
iodine into protein-bound iodine of 
plasma as aid in evaluation of 
(Clark et al.), 331 
malignant neoplasms of 
Maclean), 862 
Tissue resistance, diminished, to acid-peptic 
digestion; physiologic basis of 
operations for ulcer (Mayo, Jr.), 
283 
soft, extensive loss, traumatic iliac hernia 
with (Lewin and Bradley), 601 
Tolerance, insulin, intravenous sugar, and 
water; corticoadrenal factor in 
hypertension (de Takats), 68-72 
iliac hernia with extensive soft 
tissue loss (Lewin and Bradley), 
601 
(mechanical) factor; physiologic basis of 
operations for ulcer (Mayo, Jr.), 
282 
spasm, factors affecting diameter of large 
arteries with particular reference 
to (Kinmonth et al.), 452 
Treitz, ligament of, as barrier to intestinal 
intubation (Cantor), 673 
Trigger finger produced by excessive heat 
(Engel), 659 
Tube, Miller-Abbott, unusual complication of 
use of; jejunal intussusception 
(Dunn and Shearburn), 833 
Tuberculosis, pulmonary, pneumonectomy for, 
in woman six months pregnant, 
followed by normal birth (Thomp- 
son and Bressler), 242 
Tubes, polyethylene, use of, for improvement 
of functional results in dog; ex- 
perimental tendon repair within 
flexor tunnels (Gonzalez), 181 
Tumors, malignant, of pelvic girdle; hemi- 
pelvectomy (Ravitch), 199 
mixed, of anlage origin (Halpert), 1046 
(E.) 


Therapy, 


(Lange and 


Traumatic 
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Tumors—Cont’d 
primary, of jaw; excision of mandible for 
neoplastic disease (Slaughter et 
al.), 508 


U 


Uleer, duodenal, gastric, and gastrojejunal, 
physiologic basis of operations for 
(Mayo, Jr.), 251 
physiologic basis of operations 
for ulcer (Mayo, Jr.), 300 
Mann-Williamson; hormone preparations in 
treatment of Mann-Williamson 
dogs (Sandweiss and Saltzstein), 
647 
peptic, etiology of; physiologic basis of 
operations for ulcer (Mayo, Jr.), 
269 
United and ununited fractures, old, of patella 
(Pasehall, Jr., et al.), 777 
University Surgeons, Society of, 331-566 
Ununited and united fractures, old, of patella 
(Paschall, Jr., et al.), 777 
Urethra, construction of; repair of hypos- 
padias with free inlay skin graft 
(Young and Benjamin), 394 
Urinary incontinence, method for controlling 
(Swenson et al.), 405 
infections, due to gram-negative bacilli, 
sulfamethazine in treatment of 
(Rutenburg and Schweinburg), 215 
Urologic surgery, cotton as suture material 
in (Smith and Weaver), 827 
Urology award, announcement, 721 
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left; anatomy of nerves supplying 
common duct and proximal duo- 
denum (Royster et al.), 413 
and sympathetic nerves in control of hu- 
man heart rate (Smithwick et al.), 
740 
Variables, biologic pressure, impedance gaug- 
ing system for measurement of 
(Shafer and Shirer), 446 
Varicose, normal, and postphlebitic extrem- 
ities, venous pressures in saphie- 
nous system in (Warren et al.), 
435 
walking venous pressure test 
method of evaluation of (White 
and Warren), 987 
Vaseular disease, far-advanced arteriosclero- 
tic peripheral, early results of 
sympathectomy in (Coller et al.), 
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Vagus, 
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Vascular disease—Cont ’d 
hypertensive, associated with quadrilat- 
eral Raynaud ’s disease treated by 
total sympathectomy (Leinwand 
et al.), 1034 
Surgery, Society for, 1-108; 889-1043 
Vein grafts, use of to replace defects of 
large arteries (Johnson et al.), 
945 
varicose, walking venous pressure test us 
method of evaluation of (White 
and Warren), 987 
and lymphatic stasis in lower ex- 
tremities (Scott and Radakovich), 
970 
pressure in saphenous system in normal, 
varicose, and postphlebitic  ex- 
tremities (Warren et al.), 435 
test, walking, as method of evaluation 
of varicose veins (White and War- 
ren), 987 
thrombosis in lower limbs, management of 
recovery from (Homans), 8 
and pulmonary embolism, prevention of, 
by electrical stimulation of leg 
muscles (Tichy), 109 
prophylaxis and treatment of 
len), 1 
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venous pressure test method of 
evaluation of varicose veins (White 
and Warren), 987 
Whipple’s disease, or intestinal lipodystrophy 
(Copland et al.), 688 
Wound, contaminated, delayed primary clos- 
ure of (Morris and Martin), 616 
healing and heparin, using heparin deposits 
(Bendix and Necheles), 799 
infections, established, streptomycin therapy 
in (Puiaski and Connell, Jr.), 622 
renal, experimentally contaminated, local 
reaction to oxidized cellulose and 
gelatin hemostatic agents in (Hin 
man, Jr., and Babcock), 633 
heart, followed by temporary ces 
sation of heartbeat with resuscita- 
tion by cardiae massage (Léken 
et al.), 745 
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X-ray media, compounds of zirconium 
(Hunter et al.), 682 
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Zirconium, compounds of, for 
(Hunter et al.), 682 
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Wide antibacterial activity, low 
toxicity and virtual elimination of 
renal complications distinguish the use 
of Gantrisin* ‘Roche’, a new and 
remarkably soluble sulfonamide. Highly 
fective in urinary as well as systemic 
infections, Gantrisin does not require 
alkali therapy because it is soluble 
sven in mildly acid urine. More than 
; 20 articles in the recent literature 
1 attest its high therapeutic value and 
the low incidence of side-effects. 
Gantrisin is now available in 0.5 Gm 
tablets, as a syrup, and in ampuls. 
} Additional information on request. 
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